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(54) Title: COMPOSITION AND METHOD FOR BLEACHING A SUBSTRATE 



(57) Abstract 



The invention relates to catalytically bleaching substrates, especially laundry fabrics, with atmospheric oxygen or air. A method of 
bleaching a substrate is provided that comprises applying to the substrate, in an aqueous medium, a specified ligand from a selected class 
which forms a complex with a transition metal, the complex catalysing bleaching of the substrate by atmospheric oxygen. Also provided is 
an aqueous bleaching composition substantially devoid of peroxygen bleach or a peroxy-based or generating bleach system. Also provided 
is a method of treating a textile such as a laundry fabric whereby a complex catalyses bleaching of the textile by atmospheric oxygen after 
the treatment. The catalyst may be used in dry form, or in a liquor that is then dried, such as an aqueous spray-on fabric treatment fluid 
or a wash liquor for laundry cleaning, or a non-aqueous dr>' cleaning fluid or spray-on aerosol fluid. The method can confer cleaning 
benefits to the textile after the treatment. Also provided is a dry textile having a catalyst applied or deposited thereon, whereby bleaching 
by atmospheric oxygen is catalysed on the textile. 



BNSDOCtO <WO 0060044A1 .1. > 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Aimenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of MoUova 


TG 


Togo 


BB 


Baibados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6ic d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Ponugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Cennany 


U 


Uechtensiein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 00/60044 PCT/EPOO/02590 



. COMPOSITION AND METHOD FOR BLEACHING A SUBSTRATE 

5 

This invention relates to compositions and methods for catalytically bleaching substrates 
with atmospheric oxygen, more particularly using a defined class of ligand or complex 
as catalyst, and further relates to ligands and complexes useful in such compositions and 
10 methods. This invention also relates to a method of treating textiles, such as laundry 
fabrics, using the defined class of ligand or complex as catalyst, more specifically to a 
method whereby bleaching by atmospheric oxygen is catalysed after the treatment. 

Peroxygen bleaches are well known for their ability to remove stains from substrates. 
15 Traditionally, the substrate is subjected to hydrogen peroxide, or to substances which 
can generate hydroperoxyl radicals, such as inorganic or orgeinic peroxides. Generally, 
these systems must be activated. One method of activation is to employ wash 
temperatures of 60°C or higher. However, these high temperatures often lead to 
inefficient cleaning, and can also cause premature damage to the substrate. 

20 

A preferred approach to generating hydroperoxyl bleach radicals is the use of inorganic 
peroxides coupled with organic precursor compounds. These systems are employed for 
many commercial laundry powders. For example, various European systems are based 
on tetraacetyl ethylenediamine (TAED) as the organic precursor coupled with sodium 
25 perborate or sodium percarbonate, whereas in the United States laundry bleach products 
are typically based on sodium nonanoyloxybenzenesulfonate (SNOBS) as the organic 
precursor coupled with sodium perborate. 

Precursor systems are generally effective but still exhibit several disadvantages. For 
30 example, organic precursors are moderately sophisticated molecules requiring multi-step 
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manufacturing processes resulting in high capital costs. Also, precursor systems have 
large formulation space requirements so that a significant proportion of a laundr\- 
powder must be devoted to the bleach components, leaving less room for other active 
ingredients and complicating the development of concentrated powders. Moreover. 
5 precursor systems do not bleach ver}' efficiently in countries where consumers have 
wash habits entailing low dosage, short wash times, cold temperatures and low wash 
liquor to substrate ratios. 

Alternatively, or additionally, hydrogen peroxide and peroxy systems can be activated 
10 by bleach catalysts, such as by complexes of iron and the ligand N4Py {i.e. N. N- 

bis(pyridin-2-yl-methyl)-bis(p\Tidin-2-yl)meihylamine) disclosed in W095/34628, or 
the ligand Tpen (i.e. N, N, N\ N'-tetra(pyridin-2-yl-methyl)ethylenediamine) disclosed 
in W097/48787. According to these publications, molecular oxygen may be used as the 
oxidant as an alternative to peroxide generating systems. However, no role in catalysing 
1 5 bleaching by atmospheric oxygen in an aqueous medium is reported. 

It has long been thought desirable to be able to use atmospheric oxygen (air) as the 
source for a bleaching species, as this would avoid the need for costly hydroperoxyl 
generating systems. Unfortunately, air as such is kinetically inert towards bleaching 

20 substrates and exhibits no bleaching abilit>'. Recently some progress has been made in 
this area. For example, WO 97/38074 reports the use of air for oxidising stains on 
fabrics by bubbling air through an aqueous solution containing an aldehyde and a radical 
initiator. A broad range of aliphatic, aromatic and heterocyclic aldehydes is reported to 
be useful, particularly para-substituted aldehydes such as 4-methyl-, 4-ethyl- and 4- 

25 isopropyl benzaldehyde, whereas the range of initiators disclosed includes N- 

hydroxysuccinimide, various peroxides and transition metal coordination complexes. 

However, although this system employs molecular oxygen from the air, the aldehyde 
component and radical initiators such as peroxides are consumed during the bleaching 
30 process. These components must therefore be included in the composition in relatively 
high amounts so as not to become depleted before completion of the bleaching process 
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in the wash cycle. Moreover, ihe spent components represent a waste of resources as 
they can no longer panicipaie in the bleaching process. 

Accordingly, it would be desirable to be able to provide a bleaching system based on 
5 atmospheric oxygen or air that does not rely primarily on hydrogen peroxide or a 
hydroperoxyl generating system, and that does not require the presence of organic 
components such as aldehydes that are consumed in the process. Moreover, it would be 
desirable to provide such a bleaching system that is effective in aqueous medium. 

1 0 It may also be noted that the known art teaches a bleaching effect only as long as the 
substrate is being subjected to the bleaching treatment. Thus, there is no expectation 
that hydrogen peroxide or peroxy bleach systems could continue to provide a bleaching 
effect on a treated substrate, such as a laundry fabric after washing and dr>'ing. since the 
bleaching species themselves or any activators necessary for the bleaching systems 

1 5 would be assumed to be removed from the substrate, or consumed or deactivated, on 
completing the wash cycle and drying. 

It would be therefore also be desirable to be able to treat a textile such that, after the 
treatment is completed, a bleaching effect is observed on the textile. Furthermore, it 
20 would be desirable to be able to provide a bleach treatment for textiles such as laundry 
fabrics whereby residual bleaching occurs when the treated fabric has been treated and is 
dr>'. 

We have found that a selected class of ligand or complex is surprisingly effective in 
25 catalysing the bleaching of substrates using atmospheric oxygen or air. Furthermore, we 
have found certain novel ligands which are useful in the bleaching of substrates using 
atmospheric oxygen or air. 

Accordingly, in a first aspect, the present invention provides a bleaching composition 
30 comprising, in an aqueous medium, atmospheric oxygen and a ligand which forms a 
complex with a transition metal, the complex catalysing bleaching of a substrate by the 
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aimospheric oxygen, wherein the aqueous medium is substantially devoid of peroxygen 
bleach or a peroxy-based or -generating bleach system. The medium is therefore 
preferably insensitive or stable to catalase, which acts on peroxy species. 

5 In a second aspect, the present invention provides a method of bleaching a substrate 
comprising applying to the substrate, in an aqueous medium, a ligand which forms a 
complex with a transition metaK the complex catalysing bleaching of the substrate by 
atmospheric oxygen. 

1 0 Furthermore, in a third aspect, the present invention provides the use of a ligand which 
forms a complex with a transition metal as a catalytic bleaching agent for a substrate in 
an aqueous medium substantially devoid of peroxygen bleach or a peroxy-based or - 
generating bleach system, the complex catalysing bleaching of the substrate by the 
atmospheric oxygen. 

15 

We have also found that certain ligands or complexes of this class are surprisingly 
effective in catalysing bleaching of the substrate by atmospheric oxygen after treatment 
of the substrate. 

20 Accordingly, in a fourth aspect, the present invention provides a method of treating a 
textile by contacting the textile with a ligand which forms a complex with a transition 
metal, whereby the complex catalyses bleaching of the textile by aimospheric oxygen 
after the treatment. 

25 In a fifth aspect, the present invention provides a dry textile having a ligand as defined 
above applied or deposited thereon, whereby bleaching by atmospheric oxygen is 
catalysed on the textile. 

In further aspects, the present invention provides ligands and complexes, as defined 
30 fiirther below. 
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Advantageously, the method according to the present invention permits all or the 
majority of the bleaching species in the medium (on an equivalent weight basis) to be 
derived from atmospheric oxygen! Thus, the medium can be made wholly or 
substantially devoid of peroxygen bleach or a peroxy-based or -generating bleach 
5 system. Furthermore, the complex is a catalyst for the bleaching process and, as such, is 
not consumed but can continue to participate in the bleaching process. The catalytically 
activated bleaching system of the type in accordance with the present invention, which 
is based on atmospheric oxygen, is therefore both cost-effective and environmentally 
friendly. Moreover, the bleaching system is operable under unfavourable wash 

10 conditions which include low temperatures, short contact limes and low dosage 
requirements. Furthermore, the method is effective in an aqueous medium and is 
therefore particularly applicable to bleaching of laundr\' fabrics. Therefore, whilst the 
composition and method according to the present invention may be used for bleaching 
any suitable substrate, the preferred substrate is a laundry fabric. The bleaching method 

15 may be carried out by simply leaving the substrate in contact with the medium for a 
sufficient period of time. Preferably, however, the aqueous medium on or containing 
the substrate is agitated. 

An advantage of the method according to the fourth aspect of the invention is that, by 
20 enabling a bleaching effect even after the textile has been treated, the benefits of 
bleaching can be prolonged on the textile. Furthermore, since a bleaching effect is 
conferred to the textile after the treatment, the treatment itself, such as a laundry wash 
cycle, may for example be shortened. Moreover, since a bleaching effect is achieved by 
atmospheric oxygen after treatment of the textile, hydrogen peroxide or peroxy-based 
25 bleach systems can be omitted from the treatment substance. 

The ligand may be present as a preformed complex of a ligand and a transition metal. 
Alternatively, the composition may comprise a free ligand that complexes with a 
transition metal already present in the water or that complexes with a transition metal 
30 present in the substrate. The composition may also be formulated as a composition of a 
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10 



6 

free ligand or a transition metal-substituiable metal-ligand complex, and a source of 
transition metal, whereby the complex is formed in sUu in the medium. 

The ligand forms a complex with one or more transition metals, in the laner case for 
example as a dinuclear complex. Suitable transition metals include for example: 
manganese in oxidation states II-V, iron II-V, copper MIL cobalt 1-IlL titanium IMV. 
tungsten IV-VL vanadium II-V and molybdenum II-VI. 

The ligand forms a complex of the general formula (Al ): 

[MaLkXnlYn, (Al) 



in which: 

M represents a metal selected from Mn(II)-(lIIHIVHV). Cu(I)-(llHIII). Fe(II)- 

1 5 (IIIHIVHV), Co(i)-aiHni). Ti(ii).(iiiHi V), V(I1).(II1).(IVHV), Mo(iiHinHiV)-(V)- 

(VI) and W(IVHV)-(VI), preferably selected from Fe(II)-(IlIHIVHV); 

L represents a ligand as herein defined, or its protonated or deprotonated 
analogue: 

X represents a coordinating species selected from any mono, bi or tri charged 
20 anions and any neutral molecules able to coordinate the metal in a mono, bi or tridentate 
manner, preferably selected from O^', RBO.^". RCOO\ RCONR\ 0H\ N03\ NO, 
KS\ POa^-, POaOR^-, H2O, C03'\ HCO3-. ROH, N(R)3, R00\ O."', Oz", RCN, Cr, Br\ 
OCN\ SCN\ CN\ N3\ F, l\ K0\ C10a\ and CFaSOa*, and more preferably selected 
from 0'\ RB02^ RCOO", 0H\ NOj-, S'\ RS\ POj'", H.O. COj'', HCO3', ROH, N(R)3, 
25 Cr , Br\ OCN-, SCN\ RCN, Nj , F\ I\ R0\ C\Oa\ and CF3SO3'; 

Y represents any non-coordinated counter ion, preferably selected from CIO4', 
BR4' , [MX4]' , [MXAf\ PF6", RCOO", NOj*, RO , N*(R)4, ROO", Oa'*, O.', CP , Br\ F, 
r, CF3S03\ S206^" , OCN", SCN\ H2O, RB02^\ BF4" and BPh4\ and more preferably 
selected from C104\ BR4" , [FeCU] \ PF6\ RCOO*, N03\ R0\ N^(R)4, CV , Br\ F, l\ 
30 CF3SO3", SjOe^" , OCN-, SCN\ H2O and BF4 ; 

a represents an integer from 1 to 10» preferably from 1 to 4; 
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k represents an integer from 1 to 10: 
n represents an integer from 1 to 10, preferably from 1 to 4: 
m represents zero or an integer from I to 20, preferably from 1 to 8: and 
each R independently represents a group selected from hydrogen, hydroxyl. -R' 
5 and -OR', wherein R'= alkyl. alkenyL cycloalkyL heierocycloalkyl. arvK heieroar>'l or a 
carbonyl derivative group, R' being optionally substituted by one or more functional 
groups E, wherein E independently represents a functional group selected from -F, -CL - 
Br, .1, -OH, -OR', -NHa, -NHR', -N(R')2, 'Wh\ •C(0)R'. .OC(0)R'. -COOH. -COQ- 
(Na\ K"), -COOR', -C(0)NH2, -C(0)NHR\ -C(0)N(R')2> heteroaryL -R', -SR', -SH, - 
10 P(R')2. -P(0)(R')2, -P(0)(0H)2. -P(0)(0R')2, -NO., -SO3H, -S03'(Na\ K"). -S{0)2R\ - 
NHC(0)R'. and -N(R')C(0)R'. wherein R' represents cycloalkyl, aryl. arylalkyl. or alkyl 
optionally substituted by -F, -CL -Br, -L -NHj^ -SO3H, -S03'(Na\ K^), -COOH, -COO" 
(Na", K^), -P(0)(0H)2, or -P(0)(0"(Na*, K^))2, and preferably each R independently 
represents hydrogen, optionally substituted alkyl or optionally substituted aryU more 
15 preferably hydrogen or optionally substituted phenyl, naphthyl or Ci-i-alkyl. 

The ligand L is of the general formula (1): 

Zl-(Ol)^ 

T -C— (03)— U 

Zl-(Ql/ 

(1) 

Zl groups independently represent a coordinating group selected from hydroxy, 
amino, -NHR or -N(R)2 (wherein R=Ci^-alkyl), carboxylate, amido, -NH-C(NH)NH2, 
25 hydroxyphenyl, a heterocyclic ring optionally substituted by one or more ftinctional 
groups E or a heteroaromatic ring optionally substituted by one or more functional 
groups E, the heteroaromatic ring being selected from pyridine, pyrimidine, pyrazine, 
pyrazole, imidazole, benzimidazole, quinoline, quinoxaline, triazole, isoquinoline, 
carbazole, indole, isoindole, oxazole and thiazole; 



20 

wherein 
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Ql and Q3 independently represent a group of the formula: 



R5 



R6 



-Y 



R7 











c 


n 



R8 



wherein 



5 > a+b+c > 1 ; a=0-5; b=0-5; c=0-5; n=0 or 1 (preferably n=0); 



10 Y independently represents a group selected from -0-, -S-. -SO-. -SO:-. -C(0)- 

arylene, alkylene, heteroarylene, heterocycloalkylene, -(G)P-. -P(0)- and -(G)N- , 
wherein G is selected from hydrogen, alkyl, aryl. arylalkyl. cycloalkyl. each except 
hydrogen being optionally substituted by one or more functional groups E; 

15 R5, R6, R7, R8 independently represent a group selected from hydrogen. 

hydroxyl, halogen, -R and -OR, wherein R represents alkyl, alkenyl. cycloalkyl. 

heterocycloalkyl, aryl, heteroaryl or a carbonyl derivative group. R being optionally 

substituted by one or more functional groups E. 

or R5 together with R6, or R7 together with R8. or both, represent oxygen, 
20 or R5 together with R7 and/or independently R6 together with R8, or R5 

together with R8 and/or independently R6 together with R7. represent C|.6-alkylene 

optionally substituted by CM-alkyl, -F, -CI, -Br or -I; 



25 



T represents a non-coordinated group selected from hydrogen, hydroxyl, 
halogen, -R and -OR, wherein R represents alkyl, alkenyl, cycloalkyl, heterocycloalkyl, 
aryl, arylalkyl, heteroaryl or a carbonyl derivative group, R being optionally substituted 
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by one or more functional groups E (preferably T= -H. -OH. methyl, methoxy or 
benzyl); 

U represents either a non-coordinated group T independent!) defined as above or 
5 a coordinating group of the general formula (II), (III) or (IV): 



,((32)- Z> 
-N 



10 



15 



25 



(II) 



[-Q^-Z3-}j 

(III) 



CQi)— zi 

Q-(Q})-C T 

(QD— Zl 

(IV) 



wherein 



Q2 and Q4 are independently defined as for Ql and Q3; 

20 Q represents -N(T)- (wherein T is independently defined as above), or an 

optionally substituted heterocyclic ring or an optionally substituted heteroaromatic ring 
selected from pyridine, pyrimidine, pyrazine, pyrazole, imidazole, benzimidazole, 
quinoline, quinoxaline, triazole, isoquinoline, carbazole, indole, isoindole, oxazole and 
thiazole; 



Z2 is independently defined as for Zl ; 
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Z3 groups independently represent -N(T)- (wherein T is independently defined 
as above); 

5 Z4 represents a coordinating or non-coordinating group selected from hydrogen, 

hydroxyl, halogen, -NH-C(NH)NH2. -R and -OR. wherein R= alkyl. alkenyl. cycloalkyl. 
heterocycloalkyl, arvL heteroaiyl or a carbonyl derivative group, R being optionally 
substituted by one or more functional groups E, or Z4 represents a group of the general 
. formula (Ila): 

10 

22— m ,(Q1)-Z1 

In— (QJ)-C; T 

^ . \qi)-zi 

(lla) 

and 

l<j<4. 

15 

Preferably, ZK Z2 and Z4 independently represent an optionally substituted heterocyclic 
ring or an optionally substituted heteroaromatic ring selected from pyridine, pyrimidine, 
pyrazine, pyrazole, imidazole, benzimidazole. quinoline. quinoxaline. triazole, 
isoquinoline, carbazole, indole, isoindole, oxazole and thiazole. More preferably, Zl, 
20 Z2 and Z4 independently represent groups selected from optionally substituted pyridin- 
2-yl, optionally substituted imidazol-2-yl, optionally substituted imidazol-4-yl, 
optionally substituted pyrazol-l-yl, and optionally substituted quinolin-2-yl. Most 
preferred is that Zl, Z2 and Z4 each represent optionally substituted pyridin-2-yl. 

25 The groups Zl , Z2 and Z4 if substituted, are preferably substituted by a group selected 
from CM-alkyl, aryl, arylalkyl, heteroaryl, methoxy, hydroxy, nitro, amino, carboxyl, 
halo, and carbonyl. Preferred is that Zl, Z2 and Z4 are each substituted by a methyl 
group. Also, we prefer that the Zl groups represent identical groups. 
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The groups R5, R6. R7. R8 preferably independently represent a group selected from - 
H. hydroxy-Co-C2o-alkyi. halo-Co-C2o-alkyL nitroso. formyUCo-C2o-alkyl. carboxyl-Co- 
C2o-alkyl and esters and salts thereof. carbamoyl-Co-C2o-alkyL sulfo-Co-C2o-alkyl and 

esters and salts thereof. sulfamoyl-Co-C2o-alkyL amino-Co-C2o-alkyL aryl-Co-C2o-alkyL 
5 Co-C2o-alkyL alkoxy-Co-Cs-alkyl. carbonyl-Co-C6-alkoxy. and Co-C2o-alkylamide. 

Each Ql preferably represents a covalent bond or CNC4-ailkylene. more preferably a 
covalent bond, methylene or ethylene, most preferably a covalent bond. 

10 Group Q preferably represents a covalent bond or Cl-C4-alkylene. more preferably a 
covalent bond. 

Non-coordinated group T preferably represents hydrogen, hydroxy, methyl, ethyl, 
benz>'L or methoxy. 

15 

In one aspect of the present invention, the group U in formula (I) represents a 
coordinating group of the general formula (II): 

,(Q2)-Z2 
— N 

20 (II) • 

According to this aspect, it is preferred that Z2 represents an optionally substituted 
heterocyclic ring or an optionally substituted heteroaromatic ring selected from pyridine, 
pyrimidine, pyrazine, pyrazole, imidazole, benzimidazole. quinoline. quinoxaline, 
25 triazole, isoquinoline, carbazole, indole, isoindole. oxazole and thiazole, more 

preferably optionally substituted pyridin-2-yl or optionally substituted benzimidazol-2- 

yi. 

It is also preferred, in this aspect, that Z4 represents an optionally substituted 
30 heterocyclic ring or an optionally substituted heteroaromatic ring selected from pyridine, 
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p>Timidine, pxTazine, pyrazole, imidazole, benzimidazole. quinoline. quinoxaline. 
iriazole, isoquinoline, carbazole. indole, isoindole. oxazole and ihiazole, more 
preferably optionally substituted pyridin-2-yU or an non-coordinating group selected 
from hydrogen, hydroxy, alkoxy. alkyl, alkenyl. cycloalkyL arvi. or benzyl. 

5 

In preferred embodiments of this aspect, the ligand L is selected from: 
1 , 1 -bis(pyridin-2-yl)-N-methyl-N-(pyridin-2-ylmethyl)methylamine 
1 , 1 -bis(pyridin-2-yl)-N,N-bis(6-methyl-pyridin-2-ylmethyl)methylamine 
l,l-bis(pyridin-2-yl)-N.N-bis(5-carboxymethyl-pyridin-2-ylmethyl)methylamine 
10 1,1 -bis(pyridin-2-yl)-l -benzyl-N,N-bis(pyridin-2-ylmethyl)methylamine 
1 . 1 -bis(pyridin-2yl)-N.N-bis(benzimidazoI-2-ylmethyl)methylamine 

In a variant of this aspect, the group Z4 in formula (II) represents a group of the general 
formula (Ila): 



15 



m /Q1)"Z1 

'N-(Q3)-q T 

\Q1)-Z1 

(Ila) 



In this variant, Q4 preferably represents optionally substituted alkylene, preferably - 
20 CH2-CHOH-CH2- or -CH2-CH2-CH2-. In a preferred embodiment of this variant, L 
represents the ligand: 




25 vsrherein -Py represents pyridin-2-yl . 
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In another aspect of the present invention, the group U in formula (1) represents a 
coordinating group of the general formula (III): 



(HI) 



wherein j is 1 or 2, preferably 1 . 

According to this aspect, each Q2 preferably represents -(CH2)n- (n=2-4). and each Z3 
10 preferably represents -N(R)- wherein R = -H or CM-alkyl, preferably methyl. 

In preferred embodiments of this aspect. L represents a ligand selected from: 

Pv , . P> 



\ / \ /Me A / \ /Me 

H— C— N N Me — C— N N 

N-^ 

Me Me 

1 5 wherein -Py represents pyridin-2-yl. 

In yet another aspect of the present invention, the group U in formula (1) represents a 
coordinating group of the general formula (IV): 

^QD— Zl 
-Q-(QS)-Q T 

20 

(IV) 

In this aspect, Q preferably represents -N(T)- (wherein T= -H, methyl, or benzyl) or 
pyridin-diyl. 
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In preferred embodiments of this aspect. L represents a ligand selected from: 



Me — C— N— C—Me MeO— C— Q — C— OMe 

Pv Pv P> Pv 



Pv Py 

HO— C— Q-C— OH 
/ ^ 
Py P> 

5 

wherein -Py represents pyridin-2-yL and -Q- represents pyridin-2.6-diyl. 

In a further aspect, the present invention provides a ligand L as defined above, with the 
proviso that T in formula (I) is not benzyl. 

10 

In a further aspect, the present invention provides a complex (Al) as defined above, 
with the proviso that T in formula (I) is not benzyl. 

In a further aspect, the present invention provides a ligand as defined above, with the 
1 5 proviso that U represents a non-coordinated group T or a coordinated group of the 
formula (II) or (III), and if U represents a coordinating group of formula (11) and 
Zl=Z2=Z4=unsubstituted pyridin-2-yK T is not hydrogen, methyl or benzyl. 



In preferred embodiments of this aspect, the ligand is selected from: 
20 l,l-bis(pyridin-2-yl)-N-methyl-N(pyridin-2-ylmethyl)methylamine; 

l,l-bis(pyridin-2-yl)-N,N-bis(6-methyl-pyridin-2-ylmethyl)methylamine; 
l,l-bis(pyridin-2-yl)-N,N-bis(5-carboxymethyl-pyridin-2-yl)methylamine; 
l,l-bis(pyridin-2yl)-N,N-bis(benzimidazol-2-ylmethyl)methylam!ne; 
2,6-bis(pyridin-2ylmethyl)-M,7,7-tetrakis(pyridin-2-yl)-2,6-diazaheptane; or a ligand 

25 selected from: 
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Py 

H — C— n'' 



\ _/Me 
N 



Py 

Me — C— 



N 



Me 



wherein -Py represents pyridin-2-yl. 



In a further aspect, the present invention provides a transition-metal complex of the 
5 general formula (Al): 

[MaUX„]Y„, (Al) 



in v^'hich: 

10 M represents a metal selected from Mh(IIHIIIHIV)-(V), Cu(I)-(II)-(ni). Fe(II)- 

(IIIHIV)-(V), Co(lHliHiii), Ti(ii)-(iliHiV), V(ii)-(iiiHlVHV), Mo(llHliiHiV).(V). 
(VI) and W(IV)-(V)-(V1); 

X represents a coordinating species selected from any mono, bi or tri charged 
anions and any neutral molecules able to coordinate the metal in a mono, bi or trideniate 

15 manner; 

Y represents any non-coordinated counter ion; 

a represents an integer from 1 to 10; 

k represents an integer from 1 to 10; 

n represents an integer from 1 to 10; 
20 m represents zero or an integer from 1 to 20; and 

L represents a ligand (or its protonated or deprotonated analogue) as defined 
above, with the proviso that U represents a non-coordinated group T or a coordinated 
group of the formula (II) or (III), and if U represents a coordinating group of formula (II) 
and Zl=Z2=Z4=unsubstituted pyridin-2-yl, T is not hydrogen, methyl or benzyl. 

25 

In preferred embodiments of this aspect, the ligand L is selected from: 

1 , 1 -bis(pyridin-2-yl)-N-methyI-N(pyridin-2-ylmethyl)methylamine; 

1 , 1 .bis(pyridin-2-yl)-N,N-bis(6-methyl-pyridin-2-ylmethyl)methylamine; 
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Ll-b^s(pyridin-2-yl)-^^N-bis(5-ca^box\^^lethyl.p^Tidin-2-yl)methylamin^ 
1 ,1 -bis(p>Tidin-2yl)-N.N-bis(benzimida2ol-2-ylmethyl)methylamine; 
2.6.bis(pyridin-2ylmethyl)-l.l JJ-tetrakis(pvTidin-2-yl)-2.6-diazahepiane: or a ligand 

selected from: 

H— C— N N Me— C— N N 

Me Me 

5 

wherein -Py represents pyridin-2-yl. 

Preferably, the metal ion in the complex of this aspect is selected from Fe(Il)-(lll)-(IV). 
Mn(ll)-(I1I)-(1V)-(V). Cu(I)-(II)-(IIl) and Co(I)-(Il)-(in). more preferabl>- Fe(Il)-(Ill) or 
10 Mn(ll)-(IIIHIV). 

The counter ions Y in formula (Al ) balance the charge z on the complex formed by the 
ligand L. metal M and coordinating species X. Thus, if the charge z is positive, Y may 
be an anion such as RCOO\ B?W, C\0,\ BF/. ??,\ KSO{. RSO/. SOr'. NOj". F\ CI". 
1 5 Br-, or Y, with R being hydrogen, optionally substituted alkyl or optionally substituted 
aryl. If z is negative, Y may be a common cation such as an alkali metal, alkaline earth 
metal or (alkyl)ammonium cation. 

Suitable counter ions Y include those which give rise to the formation of storage-stable 
20 solids. Preferred counter ions for the preferred metal complexes are selected from 
R^COO-, C104-, BF/, PFt", RSOj- (in particular CF3SO3 ), KSO,\ SOa'^ . NOj", ?\ 
Cr. Br', and I', wherein R represents hydrogen or optionally substituted phenyl, naphthyl 
or CrC4 alkyl. 

25 It will be appreciated that the complex ( Al ) can be formed by any appropriate means, 
including in situ formation whereby precursors of the complex are transformed into the 
active complex of general formula (A 1) under conditions of storage or use. Preferably, 
the complex is formed as a well-defined complex or in a solvent mixture comprising a 
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salt of the metal M and the ligand L or ligand L-generaiing species. Alternatively, the 
catalyst may be formed in situ from suitable precursors for the complex, for example in 
a solution or dispersion containing the precursor materials. In one such example, the 
active catalyst may be formed in situ in a mixture comprising a salt of the metal M and 

5 the ligand L. or a ligand L-generating species, in a suitable solvent. Thus, for example, 
if M is iron, an iron salt such as FeS04 can be mixed in solution with the ligand L. or a 
ligand L-generating species, to form the active complex. Thus, for example, the 
composition may formed from a mixture of the ligand L and a metal salt MXn in which 
preferably n=l-5. more preferably 1-3. In another such example, the ligand L. or a 

10 ligand L-generating species, can be mixed with metal M ions present in the substrate or 
wash liquor to form the active catalyst in situ. Suitable ligand L-generating species 
include metal-free compounds or metal coordination complexes that comprise the ligand 
L and can be substituted by metal M ions to form the active complex according the 
formula (A 1). 

15 

The bleaching compositions according to the present invention may be used for laundry 
cleaning, hard surface cleaning (including cleaning of lavatories, kitchen work surfaces, 
floors, mechanical ware washing etc.). As is generally known in the art. bleaching 
compositions are also employed in waste-water treatment, pulp bleaching during the 
20 manufacture of paper, leather manufacture, dye transfer inhibition, food processing. 

starch bleaching, sterilisation, whitening in oral hygiene preparations and/or contact lens 
disinfection. 

In the context of the present invention bleaching should be understood as relating 
25 generally to the decolourisation of stains or of other materials attached to or associated 
with a substrate. However, it is envisaged that the present invention can be applied 
where a requirement is the removal and/or neutralisation by an oxidative bleaching 
reaction of malodours or other undesirable components attached to or otherwise 
associated with a substrate. Furthermore, in the context of the present invention 
30 bleaching is to be understood as being restricted to any bleaching mechanism or process 
that does not require the presence of light or activation by light. Thus, photobleaching 
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compositions and processes relying on the use of phoiobleach catalysts or photobleach 
activators and the presence of light are excluded from the present invention. 

In typical washing compositions the level of the catalyst is such that the in-use level is 
5 from O.OSuM to 50mM. with preferred in-use levels for domestic laundr>' operations 
falling in the range 0.5 ^iM to 100 ^M, more preferably from 1 nM to 10 ^iM. Higher 
levels may be desired and applied in industrial bleaching processes, such as textile and 
paper pulp bleaching. 

10 Preferably, the aqueous medium has a pH in the range from pH 6 to 1 3. more preferably 
from pH 6 to 1 1 . still more preferably from pH 8 to 1 1 . and most preferably from pH 8 
to 10, in particular from pH 9 to 10. 

The bleaching composition of the present invention has particular application in 
1 5 detergent formulations, especially for laundry cleaning. Accordingly, in another 

preferred embodiment, the present invention provides a detergent bleach composition 
comprising a bleaching composition as defined above and additionally a surface-active 
material, optionally together with detergency builder. 

20 The bleach composition according to the present invention may for example contam a 
surface-active material in an amount of from 10 to 50% by weight. The surface-active 
material may be naturally derived, such as soap, or a synthetic material selected from 
anionic, nonionic, amphoteric, zwinerionic, cationic actives and mixtures thereof. 
Many suitable actives are commercially available and are fully described in the 

25 literature, for example in "Surface Active Agents and Detergents", Volumes I and II, by 
Schwartz, Perry and Berch. 

Typical synthetic anionic surface-actives are usually water-soluble alkali metal salts of 
organic sulfates and sulfonates having alkyl groups containing from about 8 to about 22 
30 carbon atoms, the term "alkyl" being used to include the alkyl portion of higher aryl 
groups. Examples of suitable synthetic anionic detergent compounds are sodium and 
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ammonium alkyl sulfates, especially those obtained by sulfating higher (Cg-Cis) 
alcohols produced, for example, from tallow or coconut oil: sodium and ammonium 
alkyl (C9-C20) benzene sulfonates, particularly sodium linear secondar\' alkyl (C10-C15) 
benzene sulfonates; sodium alkyl glyceryl ether sulfates, especially those ethers of the 

5 higher alcohols derived from tallow or coconut oil fatt\' acid monoglyceride sulfates and 
sulfonates; sodium and ammonium salts of sulfuric acid esters of higher (Cq-Cis) fatt>' 
alcohol alkylene oxide, particularly ethylene oxide, reaction products: the reaction 
products of fatty acids such as coconut fatty acids esterified with isethionic acid and 
neutralised with sodium hydroxide: sodium and ammonium salts of fany acid amides of 

1 0 methyl taurine; alkane monosulfonates such as those derived by reacting alpha-olefins 
(C8-C20) w4th sodium bisulfite and those derived by reacting paraffins with SO2 and Ch 
and then hydrolysing with a base to produce a random sulfonate; sodium and 
ammonium (C7-C12) dialkyl sulfosuccinates; and olefin sulfonates, which term is used to 
describe material made by reacting olefins, particularly (C10-C20) alpha-olefins, with 

1 5 SO3 and then neutralising and hydrolysing the reaction product. The preferred anionic 
detergent compounds are sodium (Cio-Ci.s) alkylbenzene sulfonates, and sodium (Ci6- 
C is) alkyl ether sulfates. 

Examples of suitable nonionic surface-active compounds which may be used, preferably 
20 together with the anionic surface-active compounds, include, in particular, the reaction 
products of alkylene oxides, usually ethylene oxide, with alkyl (C6-C22) phenols, 
generally 5-25 EO, i.e. 5-25 units of ethylene oxides per molecule; and the condensation 
products of aliphatic (Cg-Cig) primary or secondary linear or branched alcohols with 
ethylene oxide, generally 2-30 EO. Other so-called nonionic surface-actives include 
25 alkyl polyglycosides, sugar esters, long-chain leniary amine oxides, long-chain tertiary 
phosphine oxides and dialkyl sulfoxides. 

Amphoteric or zwritterionic surface-active compounds can also be used in the 
compositions of the invention but this is not normally desired owing to their relatively 
30 high cost. If any amphoteric or zwitterionic detergent compounds are used, it is 
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generally in small amounts in compositions based on the much more commonly used 
synthetic anionic and nonionic actives. 

The detergent bleach composition of the invention will preferably comprise from 1 to 15 
5 % wt of anionic surfactant and from 10 to 40 % by weight of nonionic surfactant. In a 
ftirther preferred embodiment, the detergent active system is free from C16-C12 fatty acid 
soaps. 

The bleach composition of the present invention may also contains a detergency builder. 
10 for example in an amount of from about 5 to 80 % by weight, preferably from about 10 
to 60 % by weight. 

Builder materials may be selected from 1 ) calcium sequestrant materials. 2) 
precipitating materials, 3) calcium ion-exchange materials and 4) mixtures thereof. 

15 

Examples of calcium sequestrant builder materials include alkali metal polyphosphates, 
such as sodium tripolyphosphate; nitrilotriacetic acid and its water-soluble salts; the 
alkali metal salts of carboxymethyloxy succinic acid, ethylene diamine tetraacetic acid, 
oxydisuccinic acid, mellitic acid, benzene polycarboxylic acids, citric acid; and 
20 polyacetal carboxylates as disclosed in US-A-4, 144,226 and US-'A-4, 146.495. 

Examples of precipitating builder materials include sodium orthophosphate and sodium 
carbonate. 

25 Examples of calcium ion-exchange builder materials include the various types of water- 
insoluble crystalline or amorphous aluminosilicates, of which zeolites are the best 
known representatives, e.g. zeolite A, zeolite B (also known as zeolite P), zeolite C, 
zeolite X, zeolite Y and also the zeolite P-type as described in EP-A-0,384,070. 

30 In particular, the compositions of the invention may contain any one of the organic and 
inorganic builder materials, though, for environmental reasons, phosphate builders are 
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preferably omitted or only used in ver>' small amounts. T\pical builders usable in the 
present invention are. for example, sodium carbonate, calcite/carbonate. the sodium salt 
of nitrilotriacetic acid, sodium citrate, carboxv-methyloxy malonate. carboxymethylox\ 
succinate and water-insoluble crystalline or amorphous aluminosilicate builder 
5 materials, each of which can be used as the main builder, either alone or in admixture 
with minor amounts of other builders or polymers as co-builder. 

It is preferred that the composition contains not more than 5% by weight of a carbonate 
builder, expressed as sodium carbonate, more preferably not more than 2.5 % by weight 
10 to substantially nil if the composition pH lies in the lower alkaline region of up to 10. 

Apart from the components already mentioned, the bleach composition of the present 
invention can contain any of the conventional additives in amounts of which such 
materials are normally employed in fabric washing detergent compositions. Examples 

15 of these additives include buffers such as carbonates, lather boosters, such as 

alkanolamides, particularly the monoethanol amides derived from palmkemel fatty acids 
and coconut fatt>' acids; lather depressants, such as alkyl phosphates and silicones; anti- 
redeposition agents, such as sodium carboxymethyl cellulose and alkyl or substituted 
alkyl cellulose ethers; stabilisers, such as phosphonic acid derivatives (i.e, Dequest® 

20 types);-fabric softening agents; inorganic salts and alkaline buffering agents, such as 
sodium sulfate and sodium silicate; and. usually in ver>' small amounts, fluorescent 
" agents; perfumes; enzymes, such as proteases, cellulases. lipases, amylases^and 
oxidases; germicides and colourants. 

25 Transition metal sequestranis such as EDTA, and phosphonic acid derivatives such as 
EDTMP (ethylene diamine tetra(methylene phosphonate)) may also be included, in 
addition to the ligand specified, for example to improve the stability sensitive 
ingredients such as enzymes, fluorescent agents and perfumes, but provided the 
composition remains bleaching effective. However, the composition according to the 

30 present invention containing the ligand, is preferably substantially, and more preferably 
completely, devoid of transition metal sequestrants (other than the ligand). 
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Whilst the present invention is based on the catahiic bieaching of a substrate by 
atmospheric oxygen or air. it will be appreciated that small amounts of hydrogen 
peroxide or peroxy-based or -generating systems may be included in the composition, if 

5 desired. Therefore, by "substantially devoid of peroxygen bleach or peroxy-based or - 
generating bleach systems" is meant that the composition contains from 0 to 50 %. 
preferably from 0 to 10 %. more preferably from 0 to 5 %. and optimally from 0 to 2 % 
by molar weight on an oxygen basis, of peroxygen bleach or peroxy-based or - 
generating bleach systems. Preferably, however, the composition will be wholly devoid 

1 0 of peroxygen bleach or peroxy-based or -generating bleach systems. 

Thus, at least 10 %, preferably at least 50 % and optimally at least 90 % of any bleaching of 
the substrate is effected by oxygen sourced from the air. 

1 5 According to the fourth aspect, the catalyst may be contacted to the textile fabric in any 
suitable manner. For example, it may be applied in dr>' form, such as in powder form, 
or in a liquor that is then dried, for example as an aqueous spray-on fabric treatment 
fluid or a wash liquor for laundry cleaning, or a non-aqueous dry cleaning fluid or spray- 
on aerosol fluid. Other suitable means of contacting the catalyst to the textile may be 

20 used, as further explained below. 

Any suitable textile that is susceptible to bleaching or one that one might wish to subject 
to bleaching may be used. Preferably the textile is a laundry fabric or garment. 

25 The bleaching method of the fourth aspect may be carried out by simply leaving the substrate 
in contact with the catalyst for a sufficient period of time. Preferably, however, the catalyst 
is in an aqueous medium, and the aqueous medium on or containing the substrate is agitated. 

In a preferred embodiment, the treated textile is dried, by allowing it to dry under 
30 ambient temperature or at elevated temperatures. 
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In a particularly preferred embodiment the method according to the founh aspect is 
carried out on a laundr\* fabric using aqueous treatment liquor. In particular the 
treatment mav be effected in. or as an adjunct to. an essentially conventional wash cycle 
for cleaning laundr>\ More preferably, the treatment is carried out in an aqueous 

5 detergent wash liquor. The catalyst can be delivered into the wash liquor from a powder, 
granule, pellet, tablet, block, bar or other such solid form. The solid form can comprise a 
carrier, which can be particulate, sheet-like or comprise a three-dimensional object. The 
carrier can be dispersible or soluble in the wash liquor or may remain substantially 
intact. In other embodiments, the catalyst can be delivered into the wash liquor from a 

1 0 paste, gel or liquid concentrate. 

It is particularly advantageous that the catalyst used in the method of the fourth aspect 
makes use of atmospheric oxygen in its bleaching activit\'. This avoids the requirement 
that peroxygen bleaches and/or other relatively large quantities of reactive substances 

15 need be used in the treatment process. Consequently, only a relatively small quantity of 
bleach active substance need be employed and this allows dosage routes to be exploited 
which could previously not be used. Thus, while it is preferable to include the catalyst in 
a composition that is normally used in a washing process, such as a pre-treatment. main- 
wash, conditioning composition or ironing aid, other means for ensuring that the catalyst 

20 is present in the wash liquor may be envisaged. 

For example, it is envisaged that the catalyst can be presented in the form of a body 
from which it is slowly released during the whole or part of the laundr>' process. Such 
release can occur over the course of a single wash or over the course of a plurality of 

25 washes. In the latter case it is envisaged that the catalyst can be released from a carrier 
substrate used in association with the wash process, e.g. from a body placed in the 
dispenser drawer of a washing machine, elsewhere in the delivery system or in the drum 
of the washing machine. When used in the drum of the washing machine the carrier can 
be freely moving or fixed relative to the drum. Such fixing can be achieved by 

30 mechanical means, for example by barbs that interact with the drum wall, or employ 
other forces, for example a magnetic force. The modification of a washing machine to 
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provide for means to hold and retain such a carrier is envisaged similar means being 
knov^Ti from the analogous art of toilet block manufacture. Freely moving carriers such 
as shuttles for dosage of surfactant materials and/or other detergent ingredients into the 
wash can comprise means for the release of the catalyst into the wash. 

In the alternative, the catalyst can be presented in the form of a wash additive that 
preferably is soluble. The additive can take any of the physical forms used for wash 
additives, including powder, granule, pellet, sheet, tablet, block, bar or other such solid 
form or take the form of a paste, gel or liquid. Dosage of the additive can be unitary or 
in a quantit>- determined by the user. While it is envisaged that such additives can be 
used in the main washing cycle, the use of them in the conditioning or drying cycle is 
not hereby excluded. 

The present invention is not limited to those circumstances in which a washing machine 
is employed, but can be applied where washing is performed in some alternative vessel. 
In these circumstances it is envisaged that the catalyst can be delivered by means of 
slow release from the bowl, bucket or other vessel which is being employed, or from 
any implement which is being employed, such as a brush, bat or dolly, or from any 
suitable applicator. 

Suitable pre-treatment means for application of the catalyst to the textile material prior 
to the main wash include sprays, pens, roller-ball devices, bars, soft solid applicator 
sticks and impregnated cloths or cloths containing microcapsules. Such means are well 
knov^al in the analogous art of deodorant application and/or in spot treatment of textiles. 
Similar means for application are employed in those embodiments where the catalyst is 
applied after the main washing and/or conditioning steps have been perfonmed, e.g. prior 
to or after ironing or drying of the cloth. For example, the catalyst may be applied using 
tapes, sheets or sticking plasters coated or impregnated with the substance, or containing 
microcapsules of the substance. The catalyst may for example be incorporated into a 
drier sheet so as to be activated or released during a tumble-drier cycle, or the substance 
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can be provided in an impregnated or microcapsule-containing sheet so as to be 
delivered lo the textile when ironed. 

Throughout the description and claims generic groups have been used, for example 
alkyl. alkoxy. ar>'l. Unless othervi^ise specified the following are preferred group 
restrictions that may be applied to generic groups found v^thin compounds disclosed 
herein: 

alkyl: linear and branched C 1 -C8-alkyl. 

alkenvl : C2-C6-alkenvl. 



cycloalkyl: C3-C8-cycloalkyL 

15 alkoxy: Cl-C6-alkoxy, 

alkylene: selected from the group consisting of: methylene; IJ -ethylene; 1 .2- 
ethylene; 1,1-propylidene; L2-propylene; K3-propylene; 2.2-propylidene; butan-2-ol- 
L4-diyl; propan-2-ol-l,3-diyl; L4-butylene: cyclohexane-l.l-diyl: cyciohexan-1.2-diyl; 
20 cyclohexan-l,3-diyl; cyclohexan-1.4-diyl; cyclopentane-l.l-diyl; cyclopentan-1.2-diyl: 
and cyclopentan-K3-diyL 

aryl: selected from homoaromatic compounds having a molecular weight 

under 300, 



arylene: selected from the group consisting of: 1,2-phenylene; 1 .3-phenylene; 1,4- 
phenylene; 1,2-naphtalenyIene; 1,3-naphtalenylene; 1,4-naphtalenylene; 2,3- 
naphtalenylene; l-hydroxy-2,3-phenylene; l-hydroxy-2,4-phenylene; 1 -hydroxy-2.5- 
phenylene; and l-hydroxy-2,6-phenylene, 



30 
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heteroaryl: selected from the group consisting of: p\Tidinyh pvTimidinyl; pyrazinyl: 
triazolyl; pyridazinyl: 1.3.5-triazinyl: quinolinyl: isoquinolinyl: quinoxalinyl: 
imidazolyl; pyrazolyl: benzimidazolyl: thiazolyl: oxazolidinyl; p>Trolyl: carbazolyl: 
indolyl; and isoindolyl. wherein the heteroaiyl may be connected to the compound via 
5 any atom in the ring of the selected heteroaryl. 

heteroarylene: selected from the group consisting of: pyridindiyl: quinolindi> 1: 
pyrazodiyl; pyrazoldiyl; triazolediyl; pyrazindiyl: and imidazolediyl. wherein the 
heteroarylene acts as a bridge in the compound via any atom in the ring of the selected 
1 0 heteroarylene, more specifically preferred are: pyridin-2.3-diyl; pyridin-2.4-diyl; 

pyridin-2.5-diyl; pyridin-2.6-diyl; pyridin-3.4-diyl; pyridin-3,5-diyh quinolin-2.3-diyl; 
quinolin-2.4-diyl; quinoHn-2.8-diyl; isoquinolin-l.3-diyl; isoquinolin-1.4-diyl: pyrazol- 

L3-diyl; pyrazol-3,5-diyl: triazole-3.5-diyl:triazole.l.3-diyl; pyrazin-2.5-diyh and 

imidazole-2,4-diyl, 

15 

helerocycloalkyl: selected from the group consisting of: pyrrolinyl; pyrrolidinyl; 
morpholinyl; piperidinyl; piperazinyl: hexamethylene imine; 1 .4-piperazinyl: 
tetrahydrothiophenyl; tetrahydroftiranyl; 1 .4.7-triazacyclononanyl; 1.4.8.1 1- 
tetraazacyclotetradecanyl; 1 ,4,7, 1 0, 1 3-pentaazacyclopentadecanyl: 1 .4-diaza-7-thia- 
20 cyclononanyl; 1 ,4-diaza-7-oxa-cyclononanyl: 1 .4.7. 1 0-tetraazacyclododecanyl; 1 .4- 
dioxanyl; 1,4,7-trithia-cyclononanyl; tetrahydropyranyl: and oxazolidinyl. wherein the 
heterocycloalkyl may be connected to the compound via any atom in the ring of the 
selected helerocycloalkyl, 

25 heterocycloalkylene: selected from the group consisting of: piperidin-1 .2-ylene; 

piperidin-2,6-ylene; piperidin-4,4-ylidene; l,4-piperazin-l,4-ylene; 1.4.piperazin-2.3- 
ylene; l,4-piperazin-2,5-ylene; l,4-pipera2in-2.6-ylene; 1,4-piperazin-l. 2-ylene; 1,4- 
piperazin-l,3-ylene; 1,4-piperazin-l ,4-ylene; tetrahydrothiophen-2.5-ylene; 
tetrahydrothiophen-3,4-ylene;tetrahydrothiophen-2,3-ylene; tetrahydrofuran-2,5-ylene; 

30 tetrahydrofuran-3,4-ylene; tetrahydrofuran-2,3-ylene; pyrTolidin-2,5-ylene; pyrrolidin- 
3,4-ylene; pyrTolidin-2,3-ylene; pyrrolidin-l, 2-ylene; pyrTolidin-l,3-ylene; pyrrolidin- 
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2.2-yIidene; 1.4.7-tria2acycIonon-1.4-ylene; 1.4.7-triazacyclonon-2.3-ylene; 1.4.7- 
iriazacyclonon-2,9-ylene; 1 ,4.7-triazacyclonon-3,8-ylene: 1 .4 J-triazacyclonon-2.2- 
ylidene; 1.4.8.1 l-tetraazacyclotetradec-1.4-ylene: 1.4.8.1 1-tetraazacyclotetradec- 1.8- 
ylene; 1.4.8.1 l-tetraazacyclotetradec-2-3-ylene: 1.4.8.1 l-tetraazacyclotetradec -2.5- 

5 ylene; 1 .4,8. 1 1 -teiraazacyclotetradec- 1 .2-ylene: 1 .4.8. 1 1 -tetraazacyclotetradec-2.2- 
ylidene: 1 .4.7. 1 0-tetraazacyciododec- 1 .4-ylene; 1 ,4.7. 1 0-tetraazacyclododec- 1 .7-ylene: 
1 ,4,7, 1 0-tetraazacyclododec- 1 , 2-ylene; 1 ,4,7, 1 0-tetraazacyclododec-2.3-ylene: 1 .4,7. 1 0- 
ietraazacyclododec-2,2-ylidene: 1 ,4,7,10.13-peniaazacyclopentadec-l .4^ylene: 
1 ,4,7, 1 0. 1 3-pentaazacyclopentadec-l .7-ylene; 1 .4.7. 1 0. 1 3-pentaazacyclopentadec-2.3- 

10 ylene; 1.4.7.1 0.1 S-pentaazacyclopentadec-l. 2-ylene; 1.4,7.10.13- 

pentaazacyclopentadec-2.2-ylidene; 1 .4-diaza-7-thia-cyclonon- 1 .4-ylene: 1 .4-diaza-7- 
thia-cyclonon-1, 2-ylene; 1 .4-diaza-7-thia-cyclonon-2.3-ylene; 1 .4-diaza-7-lhia- 
cyclonon-6.8-ylene; 1 ,4-diaza-7-thia-cyclonon.2.2-ylidene; 1.4-diaza-7-oxa-cyclonon- 
1,4-ylene; 1.4-diaza-7-oxa-cyclonon-l. 2-ylene; 1.4-diaza-7-oxa-cyclonon-2.3-ylene; 

1 5 1 ,4-diaza-7-oxa-cyclonon-6.8-ylene; 1 .4-diaza-7-oxa-cyclonon-2.2-yndene: 1 .4-dioxan- 
2.3-ylene; 1 .4-dioxan-2,6-ylene; 1 ,4-dioxan-2.2-ylidene; tetrahydropyran-2.3-ylene; 
tetrahydropyran-2,6-ylene; tetrahydropyran-2.5-ylene; tetrahydropyran-2.2-ylidenei 
l,4,7-trithia-cyclonon-2,3-ylene; l,4,7-trithia-cyclonon-2.9-ylene; and 1 .4.7-trithia- 
cyclonon-2,2-ylidene, 

20 

amine: the group -N(R)2 wherein each R is independently selected from: 

hydrogen; Cl-C6-alkyl; Cl-C6-alkyl-C6H5; and phenyl, wherein when both R are Cl- 
C6-alkyl both R together may form an -NC3 to an -NC5 heterocyclic ring with any 
remaining alkyl chain forming an alkyl substituent to the heterocyclic ring. 

25 

halogen: selected from the group consisting of: F; CI; Br and I, 

sulfonate: the group -S(0)20R, wherein R is selected from: hydrogen; C 1 -C6-alkyl; 
phenyl; Cl-C6-alkyl-C6H5; Li; Na; K; Cs; Mg; and Ca, 

30 
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sulfaierthe group -OS(0):OR. wherein R is selected from: hydrogen: Cl-C6-alkyl: 
phenyl; CI-C6-alkyl-C6H5: Li: Na: K: Cs: Mg: and Ca. 

sulfone: the group -S(0)2R. wherein R is selected from: hydrogen: C 1 -C6-alkyl: 
5 phenyl: C 1 -C6-alkyl-C6H5 and amine (to give sulfonamide) selected from the group: - 
NR'2, wherein each R' is independently selected from: hydrogen; Cl-C6-alkyl: C1-C6- 
alkyl-C6H5; and phenyl wherein when both R' are Cl-C6-alkyl both R' together may 
form an -NC3 to an -NC5 heterocyclic ring with any remaining alkyl chain forming an 
alkyl substituent to the heterocyclic ring, 

10 

carboxylate derivative: the group -C(0)OR. wherein R is selected from: 
hydrogen: Cl-C6-alkyl; phenyl: Cl-C6-alkyl-C6H5; Li; Na; K; Cs; Mg; and Ca. 

carbonyl derivative: the group -C(0)R. wherein R is selected from: hydrogen; C 1 -C6- 
1 5 alkyl; phenyl; C 1 -C6-alkyl-C6H5 and amine (to give amide) selected from the group: - 
NR*2. wherein each R' is independently selected from: hydrogen; C I -C6-alkyl; C 1 -C6- 
alkyl-C6H5; and phenyl, wherein when both R' are Cl-C6-alkyl both R' together may 
form an -NC3 to an -NC5 heterocyclic ring with any remaining alkyl chain forming an 
alkyl substituent to the heterocyclic ring. 

20 

phosphonate: the group -P(0)(0R)2. wherein each R is independently selected 

from: hydrogen; Cl-C6-alkyl; phenyl; Cl-C6-alkyl-C6H5; Li: Na: K; Cs; Mg: and Ca, 

phosphate: the group -0P(0)(0R)2, wherein each R is independently 

25 selected from: hydrogen; C 1 -C6-alkyl; phenyl; C 1 -C6-alkyl-C6H5: Li; Na; K; Cs; Mg; 
and Ca, 



phosphine: the group -P(R)2, wherein each R is independently selected from: 

hydrogen; Cl-C6-alkyl; phenyl; and Cl-C6-alkyl-C6H5, 

30 
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phosphine oxide: the group -P(0)R2. wherein R is independently selected from: 
hydrogen: Cl-C6-alkyl: phenyl: and Cl-C6-alkyl-C6H5; and amine (to give 
phosphonamidate) selected from the group: -NR'2. wherein each R' is independently 
selected from: hydrogen: Cl-C6-alkyl: Cl-C6-alkyl.C6H5: and phenyl, wherein when 
both R' are Cl-C6-alkyl both R' together may fomi an -NC3 to an -NC5 heterocyclic 
ring with any remaining alkyl chain forming an alkyl substiiuent to the heterocyclic ring. 

Unless otherwise specified the following are more preferred group restrictions that max* 
be applied to groups found within compounds disclosed herein: 



alkyl: linear and branched C 1 -C6-alkyl, 

alkenyl : C3-C6-alkenyl, 
1 5 cycloalkyl: C6-C8-cycloalkyL 
alkoxy: Cl-C4-alkoxy, 

alkylene: selected from the group consisting of: methylene; 1 .2-ethylene: 1 .3- 
20 propylene; butan-2-ol-l ,4-diyl; 1 ,4-butylene: cyclohexane-Kl -diyl; cyclohexan-1 .2-diyl; 
cyclohexan- 1 ,4-diyl; cyclopentane- 1 , 1 -diyl: and cyclopentan- 1 .2-diyl, 

aryl: selected from group consisting of: phenyl; biphenyl; naphthalenyl: 

anthracenyl; and phenanthrenyl, 



arylene: selected from the group consisting of: L2-phenylene; 1,3-phenylene; 1,4- 
phenylene; L2-naphtalenylene; 1 ,4-naphtalenylene; 2,3-naphtalenylene and 1-hydroxy- 
2,6-phenylene, 
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heieroan'l: selected from the group consisting of: p>Tidinyl; pxTrimidinyl: quinoiinyl: 
pyrazolyl: triazolyl; isoquinolinyl: imidazolyl: and oxazolidinyl. wherein the heteroarx l 
may be connected to the compound via any atom in the ring of the selected heteroaryl. 

5 heteroarylene: selected from the group consisting of: p\Tidin-2.3-diyl: p>Tidin-2.4-diyl: 
pyridin-2.6-diyl; pyridin-3.5-diyl; quinolin-23-diyi: quinolin-2.4-diyl: isoquinolin-1.3- 
diyl; isoquinolin-1.4-diyl; pyrazol-3.5-diyl; and imidazole-2,4-diyL 

heterocycloalkyl: selected from the group consisting of: pyrrolidinyl: morpholinyl: 
1 0 piperidinyl; piperidinyl: 1 ,4-piperazinyl; tetrahydroftiranyl; 1 .4.7-triazacyclononanyl: 
K4,8.1 1-tetraazacyclotetradecanyl; 1 A7.10,13-pentaazacyclopentadecanyl: 1.4.7.10- 
teiraazacyclododecanyl: and piperazinyl wherein the heterocycloalkyl may be connected 
to the compound via any atom in the ring of the selected heterocycloalkyl. 

1 5 heterocycloalkylene: selected from the group consisting of: piperidin-2.6-ylene; 

piperidin-4,4-ylidene; l,4-pipera2in-l,4-ylene; K4-piperazin-2.3-ylene; 1 ,4-piperazin- 
2,6-ylene: tetrahydrothiophen-2.5-ylene; tetrahydrothiopheno.4-ylene: tetrahydrofuran- 
2,5-ylene; tetrahydrofuran-3,4-ylene; pyrrolidin-2.5-ylene; pyrrolidin-2.2-ylidene; 1.4,7- 
iriazacyclonon- 1 ,4-ylene; 1 ,4,7-tria2acyclonon-2.3-ylene; 1 .4.7-tria2acyclonon-2,2- 

20 ylidene; 1,4,8,1 l-tetraazacyclotetradec-1.4-ylene; 1,4,8.1 1-ietraazacyclotetradec- 1.8- 
ylene: 

1,4,8.1 l-tetraazacyclotetradec-2,3-ylene; 1.4,8,1 l-tetraazacyclotetradec-2.2-ylidene; 
1 ,4,7,1 0-tetraazacyclododec-l ,4-ylene; 1 ,4 J,l 0-tetraazacyclododec- 1 ,7-ylene; 
l,4,7,10-tetraa2acyclododec-2,3-ylene; 1,4,7,1 0-tetraazacyclododec-2.2-ylidene; 

25 1 ,4,7, 1 0, 1 3-pentaazacyclopentadec- 1 ,4-ylene; 1 ,4,7, 1 0, 1 3-pentaazacyclopentadec- 1 ,7- 
ylene; K4-diaza-7-thia-cyclonon-l,4-ylene; h4-diaza-7-thia-cyclonon-2,3-ylene; 1.4- 
diaza-7-thia-cyclonon-2,2-ylidene; l,4-diaza-7-oxa-cyclonon-l ,4-ylene; l,4-diaza-7- 
oxa-cyclonon-2,3-ylene; 1 ,4-diaza-7-oxa-cyclonon-2,2-ylidene; 1 .4-dioxan-2,6-ylene; 
l,4-dioxan-2.2-ylidene; ietrahydrop>Tan-2,6-ylene; tetrahydropyran-2,5-ylene; and 

30 tetrahydropyran-2,2-ylidene, 
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amine: the group -N(R)2. wherein each R is independently selected from: 

hydrogen; Cl-C6-alkyl: and benz>l 

halogen: selected from the group consisting of: F and CI. 

5 

sulfonate: the group -S(0)20R, wherein R is selected from: hydrogen: Cl-C6-alkyl: 
Na; K; Mg: and Ca, 

sulfate: the group -0S(0)20R. wherein R is selected from: hydrogen; Cl-C6-alkyl; Na: 
10 K:Mg:andCa. 

sulfone: the group -S(0)2R, wherein R is selected from: hydrogen: Cl-C6-alkyl; 
benzyl and amine selected from the group: -NR*2, wherein each R* is independently 
selected from: hydrogen; C 1 •C6-alkyl; and benzyl. 

15 

carboxylate derivative: the group -C(0)OR. wherein R is selected from 
hydrogen; Na; K: Mg; Ca; Cl-C6-alkyl; and benzyl, 

carbonyl derivative: the group: -C(0)R. wherein R is selected from: hydrogen; C1-C6- 
20 alkyl; benzyl and amine selected from the group: -NR*2, wherein each R' is 
independently selected from: hydrogen; Cl-C6-alkyl; and benzyl. 

phosphonate: the group -P(0)(0R)2. wherein each R is independently selected 

from: hydrogen; Cl-C6-alkyl; benzyl; Na; K; Mg; and Ca. 

25 

phosphate: the group -0P(0)(0R)2. wherein each R is independently 

selected from: hydrogen; Cl-C6-alkyl; benzyl: Na; K; Mg: and Ca. 

phosphine: the group -P(R)2, wherein each R is independently selected from: 

30 hydrogen; C 1 -C6-alkyl; and benzyl. 
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phosphine oxide: the group -P(0)R2. wherein R is independently selected from: 
hydrogen: Cl-C6-alkyI; benzyl and amine selected from the group: -NR'2. wherein each 
R* is independently selected from: hydrogen: Cl-C6-alkyl: and benz>l. 

5 The invention will now be further illustrated b\- way of the following non-limiting 
examples: 

EXAMPLES 

10 The following compounds were prepared and tested for catalytic bleaching activity 
using air: 

Compound 1: [Fe(L')(CH3CN)](C104)2 

L - l.|-bis(pyridin-2-yl)-N-methyl-N-(pyridin-2-ylmethyl)methylamine 

15 

Compound 2: [Fe(L^)(CH3CN)](Clb4)2 

L-= 1 .1 .bis(pyridin-2-yI)-N.N-bis(6-methy!-pyridin-2-ylmethyl)methylamine 

Compound 3: [Fe;(L^)(CH3CN)2](C104)4 
20 L^=2,6-bis(pyridin-2-ylmethyl)-1.1.7.7-tetrakis(pyridin-2-yl)-2.6-diazaheptane 

Compound 4: [Fe(L')(CH3CN)3(C104)2 

L^= l.l-bis(pyridin-2-yl)-l-benzyl-N,N-bis(pyridin-2-ylmethyl)methylamine 

25 Compounds: [Fe(L^)(CH3CN)]C104)2 

L*= l,l-bis(pyridin-2-yl)-N.N-bis(5-methoxycarbonyl-pyridin-2-ylmethyl)methylamine 

Compound 6: [Fe(L'^)(CH3CN)2](C104)2 

L^= 1 -(a,a-bis(pyridin-2-yl))methyl-4,7-dimethyl- 1 ,4,7-tria2acyclononane 

30 

Compound 7: [Fe(L')(CH3CN)2](C104)2 
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L'= l.(a.a-bis(pyridin-2-yl))eih\i-4J-dimethyI-K4J-iria2acy^ 
Compound 8: 2.2.4,4-ieirakis(p\Tidin-2-yl)-3-a2apeniane (= L^) Fe(C104): 
5 Compound 9: + Mn(C104)2.6H20 

Compound 10: L* + Co(C104)2.6H20 
Compound 1 1 : 

10 1.1 .bis(pyridin-2\i)-N.N-bis(benzimidazol-2-yl-methyl)methylamine (= L**) 

Compound 12: L'' + Fe(C104)2.6H20 

Compound 13: L' + Mn(C104)2.6H20 

15 

Compound 14: + Co(C104)2.6H20 

Compound 15: + Cu(C104)2.6H20 

20 Compound 16: 2,6-bis(methoxy-bis(pyridin-2-yl)methyl)pyridin (= L'°) + 
Co(CI04)2.6H20 

Compound 17: 2,6-bis(hydroxy-bis-pyridin-2-yr)-methyl)pyridin (= L") + 
Co(C104)2.6H20 

25 

Syntheses of compounds: 
Compound 1 

7, l'^bis(pyridm'2-yl)'N-methyUN'(pwidin-2-yl^^ (L 1) 

30 N'[di(2-pyridinyl)methyl ]-N'methyl-N-(2'pyhdinylmethyl)amme) 
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To di-2-pyridyl methyl amine (1.5 g. 8.1 mmol) was added freshly distilled pyridine-2- 
carboxaldehyde (900 mg, 8.4 mmol). After shaking the flask, the mixture was allowed 
to stand for approximately 2 hours. The white solid was collected and washed with 
cyclohexane to remove traces of unreacted starting material to give pure A--[di(2- 
5 pNTidinyl)methyl]-A'-[(Z)-2-pyridinylmethylidene]amine (2.02 g. 91 %). 'H-NMR 
(CDCb. 300 MHz) 5 6.0 (s. IH). 7.16 (m, 2H). 7.31 (m. IH), 7.59 (m. 5H). 8.18 (m. 
IH). 8.61 (m, 3H), 8.65 (s, I H); MS (CI): m/z 275 (M+l ). • 

To a solution of A'-[di(2-pyridinyl)methyl]-A-[(Z)-2-pyridinylmethylidenelamine (1.5 g. 

10 5.5 mmol) in methanol (20 ml) was added NaBR, (0.45 g J 1 .8 mmol) in small portions. 
After stirring at room temperature for 2 hours HCI (aq) is added until the pH<2. After 
stirring for 30 min 5 N NaOH (aq) is added until the pH>9. The methanol is removed 
through evaporation and the aqueous layer is extracted with ethyl acetate (3 x30 ml). 
The combined ethyl acetate layers are washed with brine (30 ml) and dried (NajSO^). 

1 5 Evaporation of the solvent gave N-[di(2-pyridinyl)methyl]-N-(2-pyridinylmethyl)amine 
(N3Py) (1.35 g. 89 %) as a yellow oil. 'H-NMR (CDCI3. 300 MHz) 6 3.85 (s. 2H), 5.10 
(s. 1 H), 7.03 (m, 3H). 7.41 (m. 6H). 8.46 (m. 3H): '^C NMR (CDCI3. 50 MHz) 5 53.1 
(t). 68.9 (d), 121.8 (d), 122.1 (d), 122.2 (d). 122.3 (d). 136.3 (d). 136.5 (d). 149.2 (d), 
159.6 (s), 161.2 (s); MS (CI): m/z 277 (M+l). 

20 

To a solution of N-[di(2-pyridinyl)methyl]-A'-(2-pyridinylmethyl)amine ( 1 .262 g. 4.59 
mmol) in 1,2-dichloroethane (35 ml) was added formaldehyde (37 % solution in water, 
0.45 ml, 6.0 mmol). NaBH(0Ac)3 (3.92 g, 18.5 mmol) was added in snriall portions. 
After stirring for 7 h at room temperature saturated NaHCOsoqt (35 ml) was added and 

25 the 1 ,2-dichloroethane layer was separated. The aqueous layer is extracted with CH2CI2 
(3x 20 ml). The combined organic layers were washed with IN NaOH (20 ml) and brine 
(20 ml), dried (Na2S04) and the solvent removed in vacuo to give A^-(di(2- 
pyridinyl)methyl]-A^-methyl-A^-(2-pyridinylmethyl)amine (1.235 g, 4.27 mmol, 93 %) as 
a slightly yellow oil. 'H NMR (CDCI3, 300 MHz) 5 2.19 (s, 3H), 3.72 (s, 2H), 4.96 (s, 

30 IH), 7.14 (m, 3H), 7.71 (m, 6H), 8.56 (m, 3H); "C NMR (CDCI3, 50 MHz) 540.32 (q). 



wo 00/60044 



PCT/EPOO/02590 



35 

61.04 (t). 77.87 (d). 121.76 (d). 122.10(d). 122.92 (d). 123.21 (d). 136.29(d)- 136.43 
(d). 148.86 (d), 149.22 (d). 159.37 (s). 160.59 (s). MS (CI): m/z291 (M+l). 

[(U)Fe(CHiCh'):](Cl04): 
5 To a solution of A-[di(2-p\Tidinyl)methyI]-A-methyl-iV-(2-pyridinylmethyl)amine ( 1 98 

mg, 0.68 mmol) in aceionitrile (3 ml) was added a solution of Fe(CI04)2-6H20 (250 mg. 

0.69 mmol) in methanol (3 ml). The solution was placed in an ethyl acetate bath and 

after 2 days [(Ll)Fe(CH3CN)2](C104)2 (344 mg. 0.55 mmol. 81 %) was obtained as dark 

red crystals. 'H NMR (CD3CN. 300 MHz) 6 3.81 (br). 5.17 (br). 6.96 (br). 7.40 (t. .1 = 
10 7.7 Hz). 7.64 (t. J = 7.7 Hz). 8.04 (t. J = 7.7 Hz). 8.59 (br). 8.70 (br). 8.87 (br). 9.02 (br). 

1 1.26 (br), 1 1.40 (br); Anal. Calcd. for C22H24Cl2FeN608: C 42.13. H 3.86. N 13.40: 

found: C 4 1 .98. H 3.78, N 1 3.27. 

Compound 2 

15 lJ-bis(pyridm-2-yl)-N.N-bis(6-methyl-pyridin-2-ylmethyi)meth^^ 

To di-2-pyridyl methyl amine (1 .8 g, 10 mmol) was mixed with 5 ml of 5N NaOH in 
water. To 2.83 g (20 mmol) of 2-picolylchloride (synthesised according to W. Mattes et 
al., Angew Chem., 75, 235 (1963)) was mixed with 5 ml of 5N NaOH in water. Both 

20 mixtures were colled in an ice bath and added together under stirring. Stirring was 

continued for 4 days at 20 °C. The reaction mixture was colled in an ice bath and under 
stirring 3 ml of 70% HCIO4 was added. The salt seperated as a liquid which became 
solid after scratching with a spatula. The yellow precipitate was washed 2 times 1 0 ml 
of water and 2 times of 5 ml of methanol. The compound was recrystallised from hot 

25 water and dried under vacuum over siccapeni. Yield 3. 1 g (52.%); m.p. 1 68.5 "C. 

'H NMR (CD3CR 200 MHz) 5 2.88 (s) 6H: 4.21 (s) 4H: 5.91 (s) IH; 7.33 (d) 2H: 7.43 
(d) 2H; 7.63 (m) 4H; 7.99 (t) 2H; 8.15 (t) 2H; 8.82 (d) 2H. '^C-NMR: 25.80; 58.34; 
75.00; 122.60; 129.00; 129.74; 130.82; 132.00; 145.00; 150.80; 153.80. 
Anal. Calcd. for C23H23CI2N5O8: C 48.6. H 4.1, N 12.3. CI 12.5%; found: C 48.5, H 4.7, 

30 N 11.5, CI 11.5%. 
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The corresponding iron complex was synihesised as described for the non-methylaied 
analogue (reference M. Lubben et ah. 34. 1512 (1995)). 

Compound 3 

5 2. 6-bis(pyridin'2'ylmethyl)-L L 7, 7~tetrakis(pyridm-2-ylh2, 6-diaiahepiane (L3) 
Dipyridyl-methylchloride 

To a solution of 9.2g of dipyridylketone in 200ml methanol was added Ig sodium 
borohydride in small portions over 0.5h. The reaction was exothermic. After completion 

1 0 of the addition the mix was stirred 15' . TLC analysis showed the conversion to be 
quantitive. To the mix was added 10ml of cencentrated hydrochloric acid and the acid 
solution was concentrated by evaporation in vacuo. Water was added and the acidic 
water phase is washed with dichloromethane. Now 100ml of 2N NaOH was added and 
the resulting alkaline mixture was extracted 3x with dichloromethane. The combined 

1 5 organic layers were dried over sodium sulfate, filtered and evaporated giving 9g of the 
dipyridylcarbinol. It was found that the compound degraded slowly and CDCI3, samples 
were prepared just before measurement. 

*H NMR (CDCI3) (ppm): 5.86 (s, IH, Py2C-H); 7.15 (m, 2H, Py-H): 7.50 (m, 2H, Py- 
H); 7.62 (m, 2H, Py-H); 8.53 (m, 2H, Py-H) 
20 ^^CNMR(CDC13) (ppm): 76.3, 122.2, 123.6, 137.9, 149.K 161.9 

K N''(Di-pyrid'2-yl meihylj-lj-diaminopropane^ 

2-Pyridine carboxaldehyde (9.0g. 84mmol) was added dropwise to a solution of 1 .3- 
diaminopropane (3.0g, 40mmol) in methanol (100ml). The mixture became hot. After 

25 stirring for 30 min. NaBRt (4.0g, 105mmol) was added in portions. After addition of the 
first 0.9g, sodium tetraborate. lOaq (7.0g, ISmmol) was added. When the addition was 
complete it was stirred at ambient temperature for 45 min then evaporated to approx. 
50ml, water added (250ml) and extracted (x4) with CHC13. The extracts were washed 
with saturated NaCl then dried and evaporated to leave a pale yellow oil (9.52g). This 

30 was short path distilled to give a forerun of HOmg, b.p. up to 1 60**C/lmm (discarded) 
and a main fraction 7.33g b.p. 160-215'*C/lmm. 
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'H NMR (CDCh) (ppm) 1 .78 (m. 2H). 2.2 (br s. 2NH). 2.76 (m. 4H), 3.9 (s. 4H). 6.96 
(m, 2H). 7.15 (d. 2H). 7.45 (m. 2H). 8.37 (d. 2H) 

•^C NMR (CDCI3) 30.19.47.77.55.11. 121.59. 121.97, 136.12. 148.97. 159.81. 

5 2, 6'bis(pyridin'2-ylmeihylhl. L " T-tetrakisipyridm-l-ylhl. 6-diazahepiane 

(h\ N'-Bis(Dipyrid'2-ylmethylhh\ N''bis(pyrid'2'ylmethyl)'L S-diamino-propane) 
A mixture of 1 .7g dipyridyl-meihylchloride (14). 1 g N.N'-bis(pyrid-2-yimethyD-1.3- 
diamino-propane (15) and 0.5g potassium carbonate in 20 ml acetonitrile was stirred 
and refluxed under argon for 48h. TLC (silica/ eluent CH2C12/MeOH(7N NH3) 90/10) 
10 indicated the reaction to be almost complete. The mixture was filtered and evaporated. 
The residue was chromatographed on silica using dichloromethane with increasing 
methanol concentration (up to 5%) to give 1 .5g pure product as a yellow/brown glassy 
gum. 

*H NMR (CDCI3) 5 (ppm): 1.75 (m. 2H). 2.42 ppm (m. 4H). 3.73 (s, 4H). 5.16 (s, 2H), 
15 7.02 (m. 6H), 7.4-7.6 (multiplets. 12H). 8.38 (m. 2H), 8.46 (m. 4H): l^c NMR 

(CDCI3) (ppm): 23.5. 49.5. 57.1, 73.0. 121.6, 121.9, 122.7. 123.6. 136.1. 136.2. 148.8, 

149.0, 160.4; ESP-Mass m/z: 615.3 (M+Na)+, 593.4 (M^H)+. 502.3 (M+H- 
CH2C5H4N). 425.2 (502.3+H-C5H4N). 

20 Fe-complex 

To a solution of 0.1 Ig of the ligand (see above) in 2ml MeOH and 2 ml acetonitrile was 
added O.lg iron(II) perchlorate hexahydrate and 0.2g of sodium perchlorate. Ethyl 
acetate was allowed to diffuse into the mixture for over three days. Dark brown cr>'Stals 
were isolated from the mixture by filtration giving 20mg of the product after drying. 
25 UV/Vis (CH3CN) X^ax (e a.u.): 695 nm (0,038), 493 nm (0.259). 471 nm (0.271 ), 334 
nm(2.95). I.R. (Kbr, cm-1): 342K 1607, 1447, 1112, 1088, 792, 628. 

Compound 4: [Fe(L^)(CH3CN)l(C104)2 

i, J 'bis(pyridm-2-yl)- 1 -benzyhN, N-bis(pyridm'2'ylmethyl)methylamme (L4) 
30 Compound 4 was synthesised as described elsewhere (EP 0909 809 A2) 
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Compound 5 

lJ-bis(p\Tidw'2yl)'h\h''bis(5'Carboxymet^^^^ (L5i 

Methyl 6-methylnicounate (10 g. 66.2 mmol) was dissolved in dichloromeihane ( 1 50 
5 ml), 3-Chloroperoxyben2oic acid (17 g. 1 12 mmol) was added and the mixture, was 

stirred for 3 hours at room temperature. Saturated NaHC03 solution (200 ml) was added 
and the mixture was stirred for an additional hour. The dichloromethane layer was 
separated and the aqueous layer was extracted with dichloromethane (2 x 100 ml). The 
combined dichloromethane layers were washed with saturated NaHCOs (aq) (100 ml). 

10 brine (100 ml) and dried (Na2S04). After evaporation of the solvent methyl 6- 

(chloromethyl)nicoiinate N-oxide (7.8 g, 51.0 mmol) was obtained as a creme colored 
solid, mp 90.4 - 90.8 ^^C, which was combined with p-toluenesulfonyl chloride (10.7 g. 
56.1 mmol) and dioxane (100 ml) under an Argon atmosphere. The reaction mixture 
was heated under reflux for 1 night. After cooling to room temperature the solvent was 

15 evaporated and the residue dissolved in dichloromethane (200 ml). The solution was 
washed with saturated Na2C03 (aq) (2 x 100 ml), brine (50 ml) and dried (Na2S04). 
After evaporation of the solvent the product was purified by column chromatography 
(Si02, using hexane/ethyl acetate 10:2.5 as an eluens) to give methyl 6- 
(chloromethyl)nicotinate (5.71 g, 46 % overall yield) as a slightly yellow solid. An 

20 analytically pure sample could be obtained by recrj'siallization from w-hexane. mp 63.5 
- 63.8 °C; 'H-NMR (CDCI3) 6 3.94 (s. 3H). 4.70 (s. 2H). 7.58 (d. 1 H. J = 8.4 Hz). 8.30 
(di IH. J = 8.1 Hz, J = 2.2 Hz). 9.08 (d, IH, J = 1 .5 Hz); Anal. Calcd. for C8H8CINO2: 
C 51.77, H 4.34, N 7.55; found: C 51.50, H 4.23, N 7.46. 

25 A solution of di(2-pyridinyl)methylamine (555 mg, 3.0 mmol). methyl 6- 

(chloromethyl)nicotinate (1 .7 g, 9.2 mmol) and A^-diisopropylethylamine (1 .6 ml 9.2 
mmol) was placed under argon and heated under reflux for 1 night. After evaporation of the 
solvent water (1 0 ml) was added and the product was extracted with ethyl acetate (3x15 ml). 
The combined organic layers were washed with brine (10 ml), dried (Na2S04) and the 

30 solvent removed in vacuo. Column chromotagraphy (Alox akt. I, ethyl 

acetate/hexane/triethylamine 10:5:1) afforded Kl-bis(pyridin-2yl)-N,N-bis(5- 
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carboxymeihyl-pyridin-2-ylmeihyr)meihylamm (548 mg. 1 .2 mmoL 40 %) as a slightly 
yellow oil. 'H NMR (CDCI3. 300 MH2) 5 3.90 (s. 6H). 4.04 (s, 4H). 5.32 (s, IH). 7.13 (m. 
2H). 7.60 (m. 2H). 8.16 (dd. 2H. J = 8.05 Hz. J = 2.2 Hz). 8.56 (d. 2 H. J = 4.8 Hz) 9.06 (d. 
2R J = 1.8 Hz); '^C NN4R (CDCh. 50 MHz) 5 52.03 (q). 57.28 (t), 72.32 (d). 122.16 (d). 
5 122.39 (d). 123.82 (d). 124,10 (s). 136.24 (d), 137.22 (d).149.25 (d). 150.15 (d). 159.48 (s). 
164.33 (s), 165.69 (s): MS (CI): m/z 484 (M+1 ). 

[(LjjFefCHsCNj JfClO^): 

To a solution of 1 . 1 -bis(pyridin-2yl)-N,N-bis(5-carboxyrnethyl-pvTidin-2- 
10 ylmeihyDmethylamine (72 mg. 0.15 mmol) in acetonitrile (1.5 ml) was added a solution of 
Fe(C104)2*6H20 (55 mg. 0.15 mmol) in methanol (1 .5 ml). The solution was placed in an 
ethyl acetate bath and after 3 days [(L5)Fe(CH3CN)](C104)2 (96 mg, 0.12 mmoL 82 %) was 
obtained as dark red crystals. 'H NMR (CD3CN, 300 MHz) 5 3.94 (s. 6H). 4.39 (d. 2H. J = 
18.7 Hz), 4.51 (d. 2H. J = 19.0 Hz). 6.40 (s. IH), 7.21 (d 2R J = 8.1 Hz), (t, 2H, J = 6.2 Hz). 
15 7.91 (m. 4H). 8.14 (d. 2H, 8.1 Hz). 8.91 (d. 2R J = 4.8 Hz). 9.48 (s, 2H); Anal, calcd for 
C29H28Cl2Fe,N60i2: C 44.69, H 3.62. N 10.78: found: C 44.28. H 3.69. N 10.63. 

Compound 6 

l-[di(2'pyridin'2-yl)methyl]'4, 7-dimethyUL4, 7-triazacyclonam (L6) 

20 

To a solution of 80 mL n-BuLi in hexanes (2.5 M, 0.2 moj) was added 2- 
pyridylbromide (31.6 gram 0.2 mol) in 100 mL of ether at - 80°C - -60**C. The 
suspension was stirred for 1 h. and the temperature was allowed to rise to -45® C. 
Subsequently 2-pyridinecarboxaldehyde (21.42 gram 0.2 mol) in of ether (100 mL) was 

25 added during 30 min. To the thick slurry was added additional THF (200 mL) and the 
mixture was stirred for 1.5 h at -40° C - -30° C and then the mixture was allowed to 
warm up to -10 ° C. The mixture was poured into water (200 ml) and acidified with 2 M 
HCl to pH = 1-2 and the layers were separated. The aqueous layer was extracted twice 
with ether (100 mL) and neutralized with saturated Na2C03(aq) to pH = 8. The aqueous 

30 layer was extracted CH2CI2 (3x 100 ml). Drying (Na2S04) and evaporation of the solvent 
yielded a brown oil. Vacuum distillation (118 ° C, 0.2 mmHg) afforded di(2- 
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p>Tidinyi)methanol (19.42 gram. 104.4 mmol. 52 %) as a yellow oil. 'H-NMR (200 
MHz. CDCb) 5 5.88 (s. 2H). 7.1 1 - 7.19 (m. 2H). 7.47 - 7.67 (m. 4H). 8.50 - 8.54 (ni. 
2H). '^C-NMR (50.3 MHz. CDCb) 5 75.0 (d). 121.0 (d). 122.5 (d). 136.8 (d). 1448.1 
(d). 160.7 (s). 

5 

To di(2-pyridinyl)methanol (8.73 g. 46.94 mmol) in CH3CN (100 ml) at 0 "C was 
added a solution of PPhj (14.77 gram. 56.32 mmol) in of CCU (80 mL) in 1.5 h. The 
solution was left standing overnight. After addition of MeOH (10 ml) and stirring for 1 5 
min the mixture was concentrated in vacuum to ca 50 ml. To the residue was added of 
10 water (100 ml) and the mixture was acidified with 2M HCl to pH = 1. and washed 
twice with 100 ml of CHCI3 the aqueous layer was neutralized with K2CO3 and 

extracted 4 times with 75 ml of ether. Drying and evaporation of the solvent yielded 2- 

[chloro(2-pyridinyl)methyl]pyridine (5.41 gram. 56 %) as a pale brown solid. 

Analytically pure material was obtained by column chromatography on silica (ether). 
15 'H-NMR (200 MHz, CDCI3) 6 6.20 (s.lH), 7.14 - 7.20 (m, 2H), 7.60 - 7.73 (m. 4H). 

8.51 - 8.54 (m. 2H). '^C-NMR (50.3 MHz. CDCI3) 5 62.84 (d). 121.3 (d), 121.5 (d). 

135.7 (d). 147.7 (d). 156.9 (s)! Anal. Cald. for CHqCINjiC 64.56. H 4.43. CI 17.32, N 

13.69; Found: C 64.48, H 4.45. CI 17.29.N 13.49. 

20 A solution of bis(2-pyridyl)methyl chloride (1 70 mg. 0.83 mmol). 1 .4-dimethyl- 1 .4.7- 
triazacyclonane (155 mg, 0.99 mmol) (ref Koek et al, J.Chem.Soc. Dalton, Trans. 353 
(1996)) and K2CO3 (136 mg, 0.99 mmol) in acetortitrile (10 ml) was placed under Ar and 
heated under reflux during 16 h. The reaction mixture was poored out in water (20 ml) and 
brought 10 pH>10 with NaOH. The aqueous solution was extracted with ethyl acetate (3x15 

25 ml). The combined organic layers were dried (K2CO3) and the solvent was removed in vacuo 
. to give l-[di(2-pyridinyl)methyl]-4,7-dimethyl-l .4.7-triazonane (250 mg, 0.77 mmol. 93 %) 
as a slightly yellow oil. "H NMR (CDCI3, 300 MHz) 6 2.28 (s, 6H), 2.60 (m, 4H), 2.79 (s, 
4H), 2.8 1 (m, 4H), 5.07 (s, IH), 7.06 (dt, 2H, J = 5. 1 Hz, J = 3.3 Hz), 7.57 (m, 4H), 8.47 (d, 
2H, J = 4.8 Hz); '^C NMR (CDCI3, 50 MHz) 546.40 (q), 53.96 (t), 56.93 (t), 56.97 (t), 77.70 

30 (d), 121.67 (d), 123.48 (d), 135.96 (d), 148.79 (d), 161.22 (s); HRMS calcd. for C19H27NS 
325.227, found 325.227. 
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[(L6)Fe(CH3CN)](a04): 

To a solution of l-[di(2-pyridinyl)meih\i)-4.7-dimethyl-1.4.7-tria2acyclonane (78 mg. 
0.24 mmol) in acetonitrile (2 ml) was added a solution of Fe(C104):-6H:0 (95 mg. 0.26 

5 mmol) in methanol (2 ml). The solution was placed in an ethyl acetate bath and after 1 
night [(L6)Fe(CH3CN)](C104)2 (0.2 mmol. 85 %) was obtained as dark red crystals. 'H 
NMR {CD3CM. 300 MHz) 6 2.73 (s, 6H), 2.86 (m. 6H). 2.96 (m. 6H). 6.09 (s. IH). 7.33 
(m. 2H). 7.79 (d, 2H, J = 7.7 Hz), 7.88 (dt. 2H. J = 7.7 Hz. J = 1.1 Hz). 8.99 (d 2H. J = 
5.5 Hz): Anal, calcd for C2iH3oCl2FeN608: C 40.60. H 4.87. N 13.53; found: C 40.56, H 

10 4.85, N 13.43. 

Compound 7 

1-[L l-di(2-pyndinyl)ethyl]-4, 7 -dimethyl- 1.4. 7-triazacyclonam (L 7) 

A solution of l-[di(2-pyridiny!)methyl]-4.7-dimethyl-1.4.7-triazacyclononane (300 mg. 
0.92 mmol) in ether/THF 1 :1 (30 ml) was cooled to -80 °C and /-butyllithium (1 .5 M in 
pentane. 0.65 ml. 0.97 mmol) was added. After for stirring for 20 min at -80 °C Mel (60 
jiL, 0.96 mmol) and the solution was allowed to warm up to room temperature 
overnight. After removal of the solvent CHCI3 (30 ml) was added and the solution was 
washed with saturated NaHCOs ,aq) (20 ml) and brine (20 ml), and dried G^aiSOa). 
Evaporation of the solvent afforded l-[l.l-di(2-pyridinyl)ethyl]-4.7-dimethyl-1.4,7- 
triazacyclonane (300 mg, 0.88 mmol. 96 %) as a Slightly orange solid, which was used 
without ftirther purification. '^C NMR (CDCI3. 50 MHz) 5 14.1 (q). 45.4 (q). 50.0 (t), 
55.3 (t), 56.6 (t), 60.3 (s), 122.6 (d), 123.8 (d), 136.8 (d), 148.8 (d). 162.6 (s); MS(EI): 
339 (IVT). 

[(L7)Fe(CH3CN)J(Cm: 

To a solution of l-[l,l-di(2-pyridin-2-yl)ethyl]-4.7-dimethyl-1.4,7-triazacyclonane (112 
mg, 0.33 mmol) in acetonitrile (6 ml) was added Fe(C104)2-6H20 (143 mg. 0.39 mmol). 
30 The solution was placed in an ethyl acetate bath and after 1 night 

[(L7)Fe(CH3CN)J(C104)2 (90 mg, 0.14 mmol, 43 %) was obtained as red microcrystals. 



15 



20 



25 
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'H NMR (CD5CN. 300 MHz) 5 2.24 (s. 3H). 2.67 (m. 6H). 2.70 (s. 6H). 2.97 (m. 6H). 
7.33 (m, 2H). 7.63 (m. 2H). 7.90 (m. 2H). 9.01 (d. 2H. J = 5.5 Hz). 

Compound 8 

5 2.2.-l,-f-ieirakis(pyridin-2-yl)-3-azapentane (L8) 

Under vigorous stirring and M,-atmosphere, 1 mL of a 3 M solution of MeMgBr in Et^O 
was added dropwise to a solution of 300 mg (0.749 mmol) of L3.3-tris(2-pyridyl)-3//- 
imidazo[1.5-fl]pyridin-4-ium (TPIP) in 20 mL of dr\- toluene (ref TPIP: M.Renz. et al.. 

10 J. Chem. Soc. Chem. Commun. 1998. 1635.). After 2 h. 2 mL of a saturated NHjCl 
solution was added and the solvent evaporated. The residue was dissolved in 10 mL 
CH,C1, and washed with 10 mL of a 2 N NaOH solution. After drying with MgSO^, the 
solvent was evaporated, the residue dissolved in 1 mL CHXl, and exposed to a peniane 
atmosphere overnight. 209 mg (73%) of L* were obtained as colorless crystals. H NMR 

1 5 (300 MHz. CDCI3, 25 °C): d = 1 .48 (s, 6 H). 5.96 (brs. 1 H. N-H). 7.08 (ddd. J = 1 .7. . 
4.8, 6.6 Hz,4H.2-H), 7.56 (dt.J= 1.8, 8.1 Hz. 4 H. 3-H). 7.61 (ddd. J= 1.1. 1.7. 8.1 
Hz, 4 H, 4-H). 8.55 (ddd, J= 1.1. 1.7, 4.8 Hz. 4 H. 1-H). - l^C NMR (75 MHz. CDCI3. 
25 °C): d = 26.3 (q, C-7), 65.6 (s, C-6), 121.5 (d. C-2). 122.3 (d. C-4). 136.4 (d, C-3), 
148.5 (d, C-1), 168.7 (s. C-5). - FAB-MS. m/: (%): 382 (57) [M+1]. 303 (16) [M-py]. 

20 183 [dipyridylethyl]. 

Compound 11 

/./ bis-[pyridyl-2yl]-N.N-bis-[bemimidazol-2yl-methylenyl]-methyl amine (L9) 

25 Preparation Dipyridyl-methylamine 

Dipyridyl ketone (25.5g, 0.138mol, from Aldrich) and hydroxylamine hydrochloride 
(20g) were added to pyridine (120ml). The mixture was stirred and refluxed for 4h. 
allowed to cool to 20"'C and concentrated by evaporation in vacuo. The residue was 
poored into 1 1 of ice water and after stirring a precipitate formed. After 15min the 

30 precipitate was isolated by filtration and dried in vacuo at 60°C (diying is not strictly 
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necessan- as it can be used wet in the next step). This product was used without funher 
purification in the next step. 

In a 21 flask the product was dissolved in ethanol (250ml) and concentrated ammonia 
(400ml). water (250ml) and ammonium acetate (10 g) were added. The mixture was 

5 heated lo 90°C while stirring with a mechanical stirrer. Zinc powder (37.5g) was added 
in small portions to the stirred mixture over a Ih period. After the addition was 
complete stirring was contnued for 3h. TLC (silica, eluent ammonia^ulanol 70/30) 
showed conversion to be complete and the mix was allowed to cool to 20°C. filtered 
over celite and concentrated. Sodium hydroxide solution (20%. 100ml) was added to the 

10 concentrate and the mixture was extracted three times with ether. 

(The aqueous layer should be strongly alkaline, in some cases more extractions were 
needed to obtain a good yield. The use of CH2CI2 instead of ether is preferred as 
extraction is more efficient) 

The ether layers were combined and washed with saturated sodium chloride solution. 
15 dried over sodium sulfate, filtered and evaporated to give 21g (81.9% if pure) of a light 
yellow oil 

NMR (CDCI3) (ppm): 2.50 (bs, 2H, NH2): 5.30 (s. IH. Py2C-H); 7.05 (m. 2H. Py- 
H); 7.37 (m, 2H. Py-H); 7.58 (m. 2H. Py-H): 8.51 (m. 2H, Py-H). 
^^C NMR (CDCI3) (ppm): 62.6. 122.0, 122.3, 136.9, 149.4 and 163.0 

20 

N2Py'diacetate 

To a cooled solution of sodium hydroxide (3.5 g in 3 ml water) was added 4,2 
chloroacetic acid. Subsequently 3.7 g (20 mmol) of dipyrridylmethane in 6 ml water was 
added. The reaction was stirred and monitored by TLC (30% ammonia / 70% MeOH). 
25 After 5 days still starting product was observed and again chloroacetic acid 

prenuetralized in alkaline was added in a couple of portions over time till TLC indicate 
that all starting material was converted. After workup a mixture of product, 
triethylamine (needed, to extract the produuct into an organic phase) and glycolate was 
obtained. The product was used without further purification. 

30 

7. 7 biS'[pyridyl'2yIJ'KN'biS'fbenzimidazol'2yl-meihylenylJ-meihy amine 
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To 2.5 c of the mixture obtained as described above, was added 1 .4 g o-phenylene 
diamine and placed in a 195C oil bath. After 25 minutes the mixture was allowed to 
cool, taken up in dichloromethane and washed with ammonia. The dichloromethane 
layer was evaporated giving a dark red oil. Chromatography (Si02. with 
5 CH2C12/MeOH gradient) gave 0.56 g product. 

NMR (CDCI3) (ppm): 4.0 (s. 4H, CH2): 5.30 (s. IH. Py2C-H): 7.06 (m. 2H, Py-H): 
7.21 (m. 4H. Ar-CH), 7.39 (m. 2H, Py-H); 7.50 (m. 2H. Py-H): 7.60 (m. 4H. Ar-CH). 
8.48 (m, 2H, Py-H). 

'^CNMRCCDCb) (ppm): 49.3. 72.5, 115.2, 115.6. 122.6. 122.7. 123.0. 124.5. 137.3, 
10 137.9, 138.3. 141.1, 149.1 152.2 and 158.7 

Compounds 16 and 17 

2.6'bis(methoxy'bis(pyridm'2-yl)methyl)pynd^ (LIO) and 2.6-bisOn'droxy-biS'pyridm- 
2'yl)'methyl)pyridin (Lll) were synthesised as published elsewhere (M.E. de Vries, B.L. 
15 Feringa. et aL Chem Comm, 1549 (1997). 

Experimental: 

In an aqueous solution containing 10 mM carbonate buffer (pH 10) without and with 0.6 g/1 
Na-LAS (linear alkylbenzene sulfonate) or containing 10 mM borate buffer (pH 8) without 
20 and with 0.6 g/1 NaLAS, tomato-soya oil stained cloths (6x6 cm) were added and stirred for 
30 minutes at 30 °C (blanks). In a second series of experiments, the same tests were done in 
the presence of 10 jiM of compound 1-7 or 20 ^M of ligand L9, LI 0. or LI 1 in combination 
with Mn, Fe, Co or Cu perchlorate salt 

25 The cloths were measured immediately after the wash (Table 1 ) or after 24 h storage in 
a dark room under ambient conditions (Table 2). 

After the wash, the cloths were rinsed with water and subsequently dried at 30 °C and 
the change in colour was measured immediately after drying with a Linotype-Hell 
30 scanner (ex Linotype). The change in colour (including bleaching) is expressed as the 
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AE value. The measured colour difference (AE) between the washed cloth and the 
unwashed cloth is defined as follows: 

AE-[(ALr-(Aa)'+(Abr]''- 

5 

wherein AL is a measure for the difference in darkness between the washed and 
unwashed lest cloth; Aa and Ab are measures for the difference in redness and 
yellowness respectively between both cloths. With regard to this colour measurement 
technique, reference is made to Commission International de TEclairage (CIE): 
1 0 Recommendation on Uniform Colour Spaces, colour difference equations, psychometric 
colour terms, supplement no 2 to CIE Publication, no 15. Colormetry. Bureau Central de 
la CIE. Paris 1978. 

The results are shown in Tables 1 and 2 below: 

15 



Table 1 Bleach values expressed as AE obtained for the tomato stains fo r the various 
compounds 





pH 8 - LAS 


pH 8 + LAS 


pH 10 -LAS 


pH 10 + LAS 


Blank 


1 


2 


1 




Compound 1 


1 


12 


1 


4 


Compound 2 


6 


15 


2 


6 


Compound 3 


2 


12 


2 


5 


Compound 4 


16 


16 


16 


16 


Compound 5 


18 


16 


6 


11 


Compound 6 


1 


6 


1 


7 


Compound 7 


2 


10 


2 


11 


Compound 8 


3 


16 


5 


19 


Compound 9 


3 


13 


5 


15 


Compound 10 


3 


9 


J 


4 


Compound 11 


13 


12 


13 


18 


Compound 12 


17 


14 


8 


17 
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Compound 13 


14 


11 


6 


5 


Compound 14 


11 


6 


4 


8 


Compound 15 


13 


8 


8 


15 


Table 2 Bleach values expressed as AE obtained for the tomato stains after siorase for 


24 h in the dark 




pH 8 - LAS 


pH 8 + LAS 


pH 10 -LAS 


pH 10 + LAS 


Blank 


2 


4 


2 


4 


Compound 16 


2 


15 




15 


Compound 17 


5 


12 


8 


13 
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CLAIMS: 

1 . A bleaching composition comprising, in an aqueous medium, atmospheric 
oxygen and a ligand which forms a complex with a transition metal, the complex 
5 catalysing bleaching of a substrate by the atmospheric oxygen, wherein the aqueous 
medium is substantially devoid of peroxygen bleach or a peroxy-based or -generating 
bleach system. 

wherein the ligand forms a complex of the general formula (Al ): 

10 [MaUXnlYn, (Al) 

in which: 

M represents a metal selected from Mn(ll)-(1IIH1VHV). Cu(I)-(IIHIII). Fe(IlV 
(IIIHIVHV). Co(IHIlHIII). TidlHIIIHIV), V(IIHIIIHIVHV). ModlHIlIHIVKV)- 
15 (VI) and W(IVHVHVI); 

X represents a coordinating species selected from any mono, bi or tri charged 
anions and any neutral molecules able to coordinate the metal in a mono, bi or tridentate 
manner; 

Y represents any non-coordinated counter ion: 
20 a represents an integer from 1 to 10; 

k represents an integer from 1 to 10; 
n represents an integer from 1 to 10: 
m represents zero or an integer from 1 to 20: and 

L represents a ligand of the general formula (I), or its protonated or deprotonated 
25 analogue: 



2l-(Ql)^ 

T -^C— (Q3)— U 

Zl-(Ql)' 



(I) 

wherein 

30 
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Zl groups independently represent a coordinating group selected from hydrox\ . 
amino, -NHRor -N(R)2 (wherein R=C,.6-alkyl). carboxylaie. amido. -NH-C(NH)NH:. 
hydroxyphenyl, a heterocyclic ring optionally substituted by one or more functional 
groups E or a heteroaromatic ring optionally substituted by one or more ftinctional 
groups E. the heteroaromatic ring being selected from pNxidine. pyrimidine. pyrazine. 
pyrazole. imidazole, benzimidazole, quinoline. quinoxaline. triazole. isoquinobne. 
carbazole, indole, isoindole. oxazole and thiazole; 



10 



Ql and Q3 independently represent a group of the formula: 

R5 R7 



R6 



n 



R8 



wherein 



15 



5 > a+b+c > 1; a=0-5; b=0-5; c=0-5; n=0 or 1 (preferably n=0): 



Y independently represents a group selected from -0-. -S-, -SO-. -SO2-, -C(0)-, 
arylene, alkylene, heteroarylene, heterocycloalkylene, -(G)P-. -P(0)- and -(G)N- , 
wherein G is selected from hydrogen, alkyl. aryl, arylalkyl, cycloalkyl, each except 
20 hydrogen being optionally substituted by one or more functional groups E; 

R5, R6, R7, R8 independently represent a group selected from hydrogen, 
hydroxyl, halogen, -R and -OR, wherein R represents alkyl, alkenyl, cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl or a carbonyl derivative group, R being optionally 
25 substituted by one or more functional groups E, 

or R5 together with R6, or R7 together with R8, or both, represent oxygen. 
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or R5 together with R7 and/or independently R6 together with R8. or R5 
together wdth R8 and/or independently R6 together with R7. represent d^-alkylene 
optionally substituted by Ci-i-alkyl. -F. -CI. -Br or -I: 

5 E independently represents a functional group selected from -F. -CI. -Br. -1. -OH. 

-OR', -NH2, -NHR'. -N(R')2. -N(R')3^ -C(0)R', -OC(0)R'. -COOH. -C00Oja\ K'). - 
COOR', -C(0)NH2. -C(0)NHR'. -C(0)N(R')2, heteroar>'l. -R'. -SR\ -SH. -P(R')2. - 
P(0)(R')2, -P(0)(0H)2, -P(0)(0R')2. -NO2- -SO3H, -S03-(Na\ K"). -S(0)2R'. - 
NHC(0)R'. and -N(R')C(0)R'. wherein R' represents cycloalkyl. ar\ 1. arylalkyl. or alkyl 

1 0 optionally substituted by -F. -CI. -Br. -I. -NHj\ -SO3H. -SOiO^a. K*). -COOH, -COO" 
(Na^ K^), -P(0)(0H)2. or -P(0)(0"CNa\ K'))2; . 

T represents a non-coordinated group selected from hydrogen, hydroxyl, 
halogen, -R and -OR, wherein R represents alkyl. alkenyl, cycloalkyl, heterocycloalkyl. 
1 5 aryl, heteroaryl or a carbonyl derivative group. R being optionally substituted by one or 
more fianctional groups E; 

U represents either a non-coordinated group T independently defined as above or 
a coordinating group of the general formula (II), (III) or (IV): 



20 



/(OS)- 22 
■N 
\crt)-Z4 

(II) 



/QP-Z3.^ 
l^-Z3-]j 

25 (III) 
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CQD— Zl 

-Q-(QS)-C T 

(QD— Zl 

(IV) 



wherein 

5 

Q2 and Q4 are independently defined as for Ql and Q3: 



Q represents -NCT)- (wherein T is independently defined as above), or an 
optionally substituted heterocyclic ring or an optionally substituted heteroaromatic ring 
1 0 selected from pyridine, pyrimidine, pyrazine, pyrazole, imidazole, benzimidazole. 

quinoline. quinoxaline, triazole, isoquinoline, carbazole, indole, isoindole. oxazole and 
thiazole; 

Z2 is independently defined as for Zl; 

15 

Z3 groups independently represent -N(T)- (wherein T is independently defined 
as above): 



Z4 represents a coordinating or non-coordinating group selected from hydrogen, 
20 hydroxy!, halogen, .NH-C(NH)NH2. -R and -OR, \yherein R= alkyl, alkenyl. cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl or a carbonyl derivative group, R being optionally 
substituted by one or more functional groups E. or Z4 represents a group of the general 
formula (Ila): 



(Q^) /(Ql)-Zl 

N-(C3S)-q; T 

25 ' (QI)-Z1 

(Ila) 

and 

1 <j<4. 
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2. A bleaching composition according to claim L wherein the medium has a pH 
value in the range from pH 6 to 1 K preferably in the range from pH 8 to 1 0. 

5 3. A bleaching composition according to claim 1 or claim 2. wherein the medium is 
substantially devoid of a transition metal sequestrant. 

4. A bleaching composition according to any of claims 1 to 3, wherein the medium 
further comprises a surfactant. 

10 

5. A bleaching composition according to any of claims 1 to 4, wherein the medium 
fiirther comprises a builder. 

6. A bleaching composition according to any of claims 1 to 5, wherein the 
15 composition comprises a preformed complex of the ligand and a transition metal. 

7. A bleaching composition according to any of claims 1 to 5, wherein the ligand is 
present as a free ligand that complexes with a transition metal present in the water. 

20 8. A bleaching composition according to any of claims 1 to 5, wherein the ligand is 
present as a free ligand that complexes with a transition metal present in the substrate. 

9. A bleaching composition according to any of claims 1 to 5, wherein the 
composition comprises the ligand present as a free ligand or a transition metal- 

25 subsiitutable metal-ligand complex, and a source of transition metal. 

10. A bleaching composition according to any preceding claim, wherein ZK Z2 and 
Z4 independently represent an optionally substituted heterocyclic ring or an optionally 
substituted heteroaromatic ring selected from pyridine, pyrimidine, pyrazine, pyrazole, 

30 imidazole, benzimidazole, quinoline, quinoxaline, triazole, isoquinoline, carbazcle, 
indole, isoindole, oxazole and thiazole. 
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11. A bleaching composition according to any preceding claim, wherein the ZL Z2 
and Z4 independently represent groups selected from optionally substituted pyridin-2-yl. 
optionally substituted imidazol-2-yL optionally substituted imidazol-4-YL optionally 
substituted pyrazol-l-yl, and optionally substituted quinolin-2-yl. 

12. A bleaching composition according to any preceding claim, wherein Z 1 , Z2 and 
Z4 each represent optionally substituted pyridin-2-yl. 

13. A bleaching composition according to any preceding claim, wherein ZK Z2 and 
Z4 are optionally substituted by a group selected from CM-alkyl aryl, arylalkyl, 
heteroaryl, methoxy, hydroxy, niiro, amino, carboxyL halo, and carbonyl. 

14. A bleaching composition according to any preceding claim, wherein one or more 
of ZL Z2 and Z4 are substituted by a methyl group. 

15. A bleaching composition according to any preceding claim, wherein the Zl 
groups represent identical groups; 

1 6. A bleaching composition according to any preceding claim, wherein R5, R6, R7, 
R8 independently represent a group selected from -H, hydroxy-Co-Cao-alkyl, halo-Co- 
C2o-alkyU nitroso, fomiyl-Co-C2o-alkyl, carboxyl-Co-C2o-alkyl and esters and salts 
thereof, carbamoyl-Co-C2o-alkyl, sulfo-Co-Cio-alkyl and esters and salts thereof, 
sulfamoyl-Co-C2o-alkyl, amino-Co-Cjo-alkyl, aryl-Co-C2o-alkyl, Co-C2o-alkyl, alkoxy-Co- 
Cg-alkyl, carbonyl-Co-C6-alkoxy, and Co-C2o-alkylamide. 

17. A bleaching composition according to any preceding claim, wherein each Ql 
represents a covalent bond or Cl-C4-alkylene, preferably a covalent bond, methylene or 
ethylene, more preferably a covalent bond. 
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18. A bleaching composition according to any preceding claim, wherein each Q3 
represents a covalent bond or Cl-C4-alkylene, preferably a covalent bond. 

1 9. A bleaching composition according to any preceding claim, wherein T represents 
5 hydrogen, hydroxy, methyl, ethyl, benzyl, or methoxy. 

20. A bleaching composition according to any of claims 1 to 19, wherein U 
represents a coordinating group of the general formula (II): 

/(Q2)-Z2 

10 ^^-^ 

(11) 

21 . A bleaching composition according to claim 20, wherein Z2 represents an 
optionally substituted heterocyclic ring or an optionally substituted heteroaromatic ring 

1 5 selected from pyridine, pyrimidine, pyrazine, pyrazole, imidazole, benzimidazole, 

quinoline, quinoxaline, triazole, isoquinoline, carbazole, indole, isoindole, oxazole and 
Ihiazole, preferably optionally substituted pyridin-2-yl or optionally substituted 
benzimidazol-2-yl, and wherein Z4 represents an optionally substituted heterocyclic ring 
or an optionally substituted heteroaromatic ring selected from pyridine, pyrimidine, 

20 pyrazine, pyrazole, imidazole, benzimidazole, quinoline, quinoxaline, triazole, 

isoquinoline, carbazole, indole, isoindole, oxazole and thiazole, preferably optionally 
substituted pyridin-2-yl, or an non-coordinating group selected from hydrogen, hydroxy, 
alkoxy, alkyl, alkenyl, cycloalkyl, aryl, or benzyl. 

25 22. A bleaching composition according to claim 2 1 , wherein L represents a ligand 
selected from: 

1 ,1 -bis(pyridin-2-yl)-N-methyl-N-(pyridin-2-ylmethyl)methylamine; 
l,l-bis(pyridin-2-yl)-N,N-bis(6-methyl-p>Tidin-2-ylmethy!)methylamine; 
l,l-bis(pyridin-2-yl)-N,N-bis(5-carboxymethyl-pyridin-2-ylmethyl)methylamine; 
30 1,1 -bis(pyridin-2-yl)- 1 -benzyl-N,N-bis(pyridin-2-ylmethyl)methylamine; and 
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1 ,1 -bis(pyridin-2yl)-N,N-bis(benzimidazol-2-ylmethyl)methyIamine. 



23. A bleaching composition according to claim 20, wherein Z4 represents a group 
5 ofthe general formula (Ila): 



;) /(Qi)-zi 

;N-(QB)-q; T 

(Q1)-Z1 

(Ila) 



1 0 and Q4 represents optionally substituted alkylene, preferably -CH2-CHOH-CH2- or - 
CH2-CH2-CH2-. 



24. A bleaching composition according to claim 23, wherein L represents the ligand: 



\ \ 

H— C— N ^^^^ N— C— H 

15 ^' 



wherein -Py represents pyridin-2-yl. 

25. A bleaching composition according to any of claims 1 to 19, wherein U 
20 represents a coordinating group of the general formula (III): 



(III) 



25 



wherein j is I or 2, preferably 1 . 
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26. A bleaching composition according to claim 25, wherein each Q2 represents - 
(CH2)n- (n=2-4), and each Z3 represents -N(R)- wherein R = -H or CM-alkyl. 

5 27. A bleaching composition according to claim 26, wherein L represents a ligand 
selected from: 




wherein -Py represents pyridin-2-yl. 

10 

28. A bleaching composition according to any of claims 1 to 19, wherein U 
represents a coordinating group of the general formula (IV): 

p)—z\ 

-Q-(QJ)-q; T 

(Qi)— zi 

15 (IV) 

29. A bleaching composition according to claim 28, wherein Q represents -N(T)- 
(wherein T= -H, methyl, or benzyl) or pyridin-diyl. 

20 30. A bleaching composition according to claim 29, wherein L represents a ligand 
selected from: 
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Pv H Pv P\ Pv 

'\ \ / ' '\ / ' 

Mc — C — N — C— Mc McO — C—Q —C — OMc 
/ \ / ^ \ 

Pv P\ Pv Pv 



\ p 

HO— c-n "C— OH 

/ ^ \ 

Py Py 



wherein -Py represents pyridin-2-yL and -Q- represents pyridin-2,6-diyl. 

5 31. A bleaching composition according to any preceding claim, wherein the 

composition comprises a mixture of the ligand L and a metal salt MXn in which n=l-5, 
preferably 1-3. 

32. A ligand L as defined in any of the preceding claims with the proviso that U 

10 represents a non-coordinated group T or a coordinated group of the formula (II) or (III), 
and if U represents a coordinating group of formula (11) and Zl=Z2=Z4=unsubstituied 
pyridin-2-yl, T is not hydrogen, methyl or benzyl. 

33. A ligand selected from: 

15 1,1 -bis(pyridin-2-yl>'N-methyl-N(pyridin-2-ylmethyl)methylamine; 

1 , 1 .bis(pyridin-2-yl)-N,N-bis(6-methyl-pyridin-2-ylmethyl)methylamine; 

1 , 1 .bis(pyridin-2-yl)-N,N-bis(5-carboxymethyl-pyridin-2-yl)methylamine; 

1 , 1 -bis(pyridin-2yl)-N,N-bis(benzimidazol-2-ylmeihy l)methylamine; 

2,6-bis(pyridin-2ylmethyl)-l,l,7,7-tetrakis(pyridin-2-yl)-2,6-diazaheptane; or 
20 a ligand selected from: 

^\ / \ /Mc ^\ / \ /Me 




1 



Me Me 

wherein -Py represents pyridin-2-yl. 
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34. A transition-metal complex of the general formula (Al ): 

[MaUXn]Y„ (Al) 

5 

in which: 

M represents a metal selected from Mn(II>(III)-(IV)-(V), Cu(I)-(II)-(ni), Fe(II)- 
(III)-(IV)-(V), Co(I)-(II)-(III), Ti(IIHIIl).(IV), V(IIHII1)-(1VHV), Mo(IIHIII)-(IV>(V). 
(VI) and W(IV).(V)-(VI); 
10 X represents a coordinating species selected from any mono, bi or tri charged 

anions and any neutral molecules able to coordinate the metal in a mono, bi or tridentate 
maimer; 

Y represents any non-coordinated counter ion; 
a represents an integer from 1 to 10; 
15 k represents an integer from 1 to 1 0; 

n represents an integer from 1 to 10; 
m represents zero or an integer from 1 to 20; and 
L represents a ligand as defmed in claim 34 or 35, or its protonated or 
deprotonated analogue. 

20 

35. A method of bleaching a substrate comprising applying to the substrate, in an 
aqueous medium, a ligand which forms a complex with a transition metal, the complex 
catalysing bleaching of the substrate by atmospheric oxygen, wherein the ligand is as 
defined in any of claims 1 to 33. 

25 

36. A method according to claim 35, wherein the majority of the bleaching species 
in the medium (on an equivalent weight basis) is derived from the atmospheric oxygen. 



37. A method according to claim 35 or claim 36, wherein the medium is 
30 substantially devoid of peroxygen bleach or a peroxy-based or -generating bleach 
system. 
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38. A method according to any of claims 35 to 37, wherein the aqueous medium is 
agitated. 

39. A method according to any of claims 35 to 38, wherein the medium is as defined 
in any of claims 2 to 5. 

40. Use of a ligand which forms a complex with a transition metal as a catalytic 
bleaching agent for a substrate in an aqueous medium substantially devoid of peroxygen 
bleach or a peroxy-based or -generating bleach system, the complex catalysing 
bleaching of the substrate by the atmospheric oxygen wherein the ligand is as defined in 
any of claims 1 to 33. 

41. A method of treating a textile by contacting the textile with a ligand which forms 
a complex with a transition metal, whereby the complex catalyses bleaching of the 
textile by atmospheric oxygen after the treatment, wherein the ligand is as defined in any 
of claims 1 to 33. 

42. A method according to claim 4 1 , wherein the treatment comprises contacting the 
textile with the ligand in dry form. 

43. A method according to claim 42, wherein the treatment comprises contacting the 
textile with a liquor containing the ligand and then drying. 

44. A method according to claim 43, wherein the liquor is an aqueous liquor. 

45. A method according to claim 44, wherein the liquor is a spray-on fabric 
treatment fluid. 

46. A method according to claim 44, wherein the liquor is a wash liquor for laundry 
cleaning. 
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47. A method according lo claim 43, wherein the liquor is a non-aqueous liquor. 

48. A method according to claim 47, wherein the liquor is a dry cleaning fluid. 

5 

49. A method according to claim 47, wherein the liquor is a spray-on aerosol fluid. 

50. A method according to any of claims 43 to 49, wherein the liquor is substantially 
devoid of peroxygen bleach or a peroxy-based or -generating bleach system. 

10 

51. A dry textile having a ligand as defined in any of claims 1 to 33 applied or 
deposited thereon, whereby bleaching by atmospheric oxygen is catalysed on the textile. 
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